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SOCIAL ADJUSTMENT IN THE 
MODERN STATE 


N his presidential address to the British Association 
at Blackpool in 1936, Lord Stamp urged that 
society should seek consciously to regulate the rate 
of change resulting from technological development 
to an optimum point in the net balance between gain 
and damage to society as a whole. Lord Stamp 
firmly believed in the possibility of a science of social 
adjustment, once we had accepted Whitehead’s 
dictum that we are living in the first period of human 
history for which we can no longer assume that each 
generation will live substantially amid the conditions 
governing the lives of its fathers, and transmit those 
conditions to the succeeding generation. Moreover, 
in this address, as in his later book, ‘“‘The Science of 
Social Adjustment”, Lord Stamp fixed his gaze 
particularly on the human aspects of the problem of 
adjustment and the need for ordered knowledge and 
principles in such varied fields as production, indus- 
trial health and ethics. 

That plea has found strong support since in the 
writings of Elton Mayo and Chester I. Barnard and 
others, and it is recalled by a book which has recently 
come from the British Institute of Management*. 
The three studies, by J. F. Scott and R. P. Lynton, 
of the Institute’s Field Ressarch Group, in this book, 
of a colliery, a village factory and a large hosiery 
factory, and the research method which they outline 
and discuss in an appendix, seem to express exactly 
the approach for which Lord Stamp pleaded. The 
book is both a tribute tc the value and potentialities 
of the British Management Institute and a valuable 
contribution to the technique and philosophy of 
social adjustment on which it is becoming clear the 
future of the social security State largely depends. 
The critical account of research method is possibly 
the section of most direct interest to the man of 
science, and this alone should contribute to a sound 
appreciation of both the limitations and the value of 
social science, not merely in management but also in 
social problems and human relations generally. 

The wide appeal and relevance of these three 
studies is most apparent, however, in the second part 
of the book, in which a comparative interpretation of 
the three studies is attempted and tentative general- 
ization® are made on the broad issues of organization, 
communication, control, and especially on the process 
and means of continued adaptation. The bearing of 
the observations recorded, not merely on industrial 
relations, but also over a far wider field, is unmis- 
takable ; and perhaps the outstanding feature is not 
so much the complexity of the relations studied as 
the evidence provided that people are not unnaturally 
resistant to co-operation, change or adaptation once 
full account is taken of their interrelationship and 
the full situation. In contrast to the depressing 
picture of ossification revealed by such studies as 
that of Dr. Goldstein and some by the Acton Society 
Trust, we are given a picture of adaptability and of 

* Three Studies in Management. By Jerome F. Scott and R. P. 


Lynton. Pp. x+220. (London: Routledge and Kegan Paul, Ltd., 
1952.) 188. net. 
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willingness to work and to co-operate which holds 
real promise for the economic future of Britain. 

As has been said many times already, by Elton 
Mayo and others, industry, and especially industrial 
change, must be considered in the context of the 
society in which it exists. The complex, but informal, 
relations between those working together in an 
industry and the surrounding community constitute 
a social structure which cannot be disregarded in tech- 
nical development and change. Should this structure 
be ignored, the industrial community loses its stability 
and sense of security. Social sickness develops, finding 
expression in absenteeism, inefficiency, and resist- 
ance to further change; and such social sickness 
must be cured before the industry can become 
strong and efficient, or the community secure and 
confident. 

Evidence has already been provided by the Acton 
Society Trust of the difficulties caused by the careless 
disturbance of the old social structure by national- 
ization. The study described here of the pattern at 
a Scottish colliery shows how profound has been. the 
disturbance of the miners’ own ways of living and 
working together, and the social disintegration that 
nationalization and technical advance can cause, 
however unwittingly. What was once a _ highly 
flexible organization is steadily becoming more rigid, 
and the problem of adaptation becomes still more 
acute. 

Even here, some attempt has been made to recon- 
cile new methods with the old ways, and the encour- 
agement of team-working at Bolsover is cited as 
example. The difficulty goes far deeper than the 
question of effective communications, joint con- 
sultation or of training and promotion, although the 
observations recorded by Mr. Scott and Mr. Lynton 
largely support the findings of the Acton Society 
Trust on these points. No formal alternatives exist 
to the re-establishment of good informal relationships, 
and the first concern of those involved in questions 
of productivity and efficiency in the nationalized 
industries—-with all that those factors mean in 
Britain’s economic future—should be to secure the 
conditions in which such relations can be fostered 
and developed spontaneously and undisturbed by 
political controversy. 

In regard to the mining industry in Britain, the 
study points rather to the negative effect of the 
disruption of informal relations. In the other two 
studies—of the introduction of a new factory for 
finishing hosiery in a northern mining town without 
previous experience of industrial employment for 
women, and of the adaptation to post-war changes 
of the firmly established social structure in a large 
hosiery factory—positive evidence is given of the 
value of careful attention to that social structure. 
On one hand, it proved possible both to integrate the 
factory with the mining community and to carry the 
existing social structure into the factory; and on 
the other, to make the necessary changes without 
disrupting the accepted structure. 

Too much stress clearly should not be laid on these 
two examples. The interest of the studies lies rather 
in the demonstration of what is possible by the use 
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of appropriate methods. Experience doubtless w;!! 
lead to the development of improved methods i: 
time, if only as Mr. Scott and Mr. Lynton here urge, 
like J. T. MacCurdy ten years earlier, we take inform: 
organizations seriously. Even specialization, the 
point out, is not necessarily a source of difficult, . 
provided it is kept in balance, and spontaneous 
processes are helped to adapt themselves to changing 
requirements. What is required above all is not so 
much that there should be no disturbance of balance 
as that a new balance should be achieved wherevir 
the old is destroyed or disturbed. The question «f 
size or functional specialization has to be considered 
and decided not on purely theoretical grounds, but on 
the practical issue of the effect on the balance between 
a works and its environment. 

The first consideration is that a community shoul| 
be a well-balanced, coherent social unit in which 
people work as well as play and live ; this consider- 
ation is too frequently ignored, even though few 
factories can be so closely bound up with the sur- 
rounding society as a mine. None the less, they are 
all social institutions as well as industrial units, and 
Mr. Scott and Mr. Lynton are fully aware of the 
bearing of this consideration on town planning and 
the location or dispersal of industry. The response 
described in these two studies to efforts made to 
understand and foster existing relations in the 
community, to explain the reasons for change and to 
avoid adverse efiects on status, shows that co- 
operation can be secured and change accepted 
without opposition. 

On such evidence it is worth while taking time 
and making the effort to release the forces that make 
for co-operation, keenness to work, and adaptability. 
Nor is it simply a matter of education and improved 
means of communication, so that those a‘fected can 
both understand the reason for a decision and feel 
that they participate in it: it involves searching 
demands on management to ensure that the impli- 
cations and ramifications are worked out and assessed 
as the change proceeds, and that attention is paid to 
the social costs as well as to the material or economic 
costs. Above all, there must be consideration for the 
balance of security in his relations with others which 
a man requires if he is to remain adaptable and to 
accept change. 

The emphasis placed on this last factor is the more 
important because in these studies no countenance is 
given to the illusion that security itself is an objective. 
The argument here is for security in the process of 
change; a disposition favourable to change arises 
from confidence that the change is necessary, and 
that the change and the methods by which it is 
carried out are really beneficial. The real task of 
management is to help the organization,as a whole 
to perceive the need for adaptation and to adapt 
itself accordingly. The value of those studies, it may 
be reiterated, lies especially in the demonstration, 
not merely to industry, but also to the politician 
and government administrator, that, however drastic- 
ally circumstances may change, there are still ways 
by which an organization may adapt itself rapidly in 
a civilized and efficient manner. The task of govern- 
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ment, as well as of management, is to discover thece 
ways ond foster their use. 

The optimism which these three studies encourage 
is supported by the trend of the discussion on the 
manager and the worker which took place at the 
Present Question Conference on Freedom and 
Responsibility. Both the Earl of Verulam, speaking 
on the manager, and Mr. A. E. Carthy, of the Inter- 
national Department of the Trades Union Congress, 
speaking on the worker, recognized that industry 
must take its part in the life of the community, and 
that industry must be built up in close and happy 
and fruitful relation with the outside world. Lord 
Verulam stressed first the responsibility of the 
manager for making his organization human, and for 
fostering the right atmosphere as well as the oppor 
tunity for achievement and for service to the com- 
munity. Mr. Carthy no less clearly insisted on the 
social responsibilities of industry, and on the need 
for trades unions themselves to accept those respons- 
ibilities and to seek to train their members in social 
responsibility. Those who address themselves to the 
immense task of the education required to remove 
misunderstandings and old prejudices, or to the 
discovery, in any particular social or industrial 
context, of the vital informal pattern of human 
relations and to base their policy and actions thereon, 
need not despair of response. Nor need the trades 
unions themselves fear to take up the heavy task of 
modifying and adapting the archaic fossilized struc- 
ture so powerfully indicted in recent books by Dr. 
J. Goldstein and by Mr. Alan Flanders, to enable 
the unions to meet the needs of an industrial or 
technical age. 


SOME FUTURE PROBLEMS IN 
AVIATION MEDICINE 


Physics and Medicine of the Upper Atmosphere 
A Study of the Aeropause. Editors: Dr. Clayton S. 
White and Brig.-General Otis O. Benson, Jr. The 
Proceedings of a Symposium on the Physics and 
Medicine of the Upper Atmosphere held at San 
Antonio, Texas, November 6, 7, 8, 9, 1951, sponsored 
by the Air University School of Aviation Medicine, 

Randolph Field, Texas; arranged by the Lovelace 
Foundution for Medical Education and Research, 
Albuquerque. Pp. xxiv+611+46 plates. (Albu- 
querque: University of New Mexico Press, 1952.) 
10 dollars. 

HE recognition of aviation medicine as a subject 

for special study and research dates from the 
First World War, when much attention was given to 
methods of selection of men suitable for flying duties. 
But the literature contains much of earlier origin : 
for example, observations on the physiological effects 
of atmospheric pressure change during balloon flights, 
sea-diving and mountaineering; and even Robert 
3oyle’s account, published in 1670, of bis experiments 
on animals under reduced pressure. 

Although a great deal of work must always be 
devoted to methods of personnel selection, the bias 
has been tending to shift for some time. Modern 
aircraft impose conditions well beyond the extremes 
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which even the fittest occupants can withstand ; 
considerable research is necessary to reduce the full 
impact of these conditions, and the scope of this 
research advances step by step with aircraft per- 
formance. The book under review is based upon a 
symposium gathered to survey a wider field of 
knowledge than is ordinarily regarded at present as 
forming the territory of aviation medicine. Its aim 
was ‘“‘the collection of available open data to provide 
much of the information essential to planning future 
research necessary for manned flight towards the top 
of the atmosphere’. The result has been to bring 
more clearly into focus some of the problems which 
will arise when attempting to ensure health and 
safety, not only in the aircraft of the future, but also 
in man-carrying rockets and artificial satellites, and 
even in attempts at interplanetary travel. When 
some of these developments will take place is still 
uncertain, but something of their inevitability is 
conveyed by one contributor, H. Strughold, who, in 
a& passage which appeals to the imagination, states : 
“The conquest of the outskirts of the atmosphere, 
and eventually space, is a revolutionary event com- 
parable only to the transition of the aquatic animals 
to the land in geological times. . . . We are in the 
amphibian stage now’’. 

There are articles contributed by thirty-four 
scientific workers, specialists in the topics discussed. 
It is not possible to reproduce the list of titles in full, 
but the subject-matter includes: the physies and 
chemistry of the upper atmosphere ; the radiations 
occurring therein, including X- and _ ultra-violet 
radiations of solar origin and cosmic rays; the 
biological effects of these radiations ; dangers from 
meteorites ; temperature extremes encountered in 
high-altitude and high-speed flight, and protection 
therefrom; the effects of acceleration, and of 
‘weightlessness’; preservation of health during pro- 
longed occupation of a sealed cabin ; and ability to 
survive high-altitude conditions in emergencies, such 
as after cabin puncture or ‘bail-out’. 

Some of the apparatus, including rockets and 
balloons, which forms the equipment for ultra-high 
altitude research is also described briefly. Many of 
the problems mentioned could be further investigated 
only with such equipment, but it is pointed out that 
the steadily increasing range of artificially produced 
radiations arising from developments in pariicle 
accelerators may enable some of the relevant experi- 
ments on biological material to be performed at 
ground-level. 

With such an unusuai book as this, no very definite 
stipulations can be made as to what it should or 
should not contain. It is sufficient to say that there 
are some very readable articles which will provide 
useful introductions to more detailed study. Readers 
whose interests lie particularly in aviation or aviation 
medicine will surely find much food for thought. 
Also, anyone with more general interests, browsing 
at random, will discover a variety of information. 
For example, the correct procedure to be followed on 
finding a freshly fallen meteorite is probably not 
widely known and is described by L. Lapaz. Not 
only should all evidence facilitating an estimate of 
the angle and velocity of impact be preserved, but 
also the meteorite should be made available within a 
few hours at most to the nearest laboratory for auto- 
radiographic and other tests for radioactivity. The 
precise importance of such tests is apparently the 
subject of some controversy ; however, being per- 
formed on a sample of matter from space, they might 
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lead to further knowledge of cosmic radiation, 
particularly regarding its potency in inducing radio- 
activity in exposed material. 

The overlapping which is so often a fault with 
publications of this type seems very largely to have 
been avoided. It should perhaps be mentioned that 
the word ‘“‘aeropause”’ is defined by its originator 
(K. J. K. Buettner) ‘‘as that atmospheric range in 
which the functions of the atmosphere, in a physio- 
logically effective degree, fade out, one after the 
other’. 

References are given at the end of each article. 
The book is well produced and has a good index. 

K. E. Spetis 


PROGRESS IN CYTOLOGY 


International Review of Cytology 

Edited by G. H. Bourne and J. F. Danielli. 
Vol. 1. (Prepared under the auspices of the Inter- 
national Society for Cell Biology.) Pp. xii+ 368. 


(New York: Academic Press, Inc., 1952.) 7.80 
dollars. 
NOTHER new biological journal, or more 


correctly a new biological annual, has appeared, 
and, when such an event occurs, perhaps the most 
natural question to ask in this age of overcrowded 
book-shelves is whether this new publication can 
justify its place. Does it provide information which 
is not available elsewhere or could not appear more 
appropriately in existing journals? If so, is the 
method of presentation as economical as it could be 
and as helpful ? 

The first volume certainly contains many inter- 
esting articles, and much new information is presented 
as well as some very useful syntheses. It has been 
the aim of the editors to make the review truly 
international, and while they have partially suc- 
ceeded in this aim, with perhaps an inevitable Anglo- 
American slant, the policy is inclined to lead to 
difficulties in language and outlook (though the 
articles are all, in fact, written in English) unless the 
editors are prepared to edit more scrupulously than 
they have apparently done in presenting the subject- 
matter of the first volume. The purpose of the 
international review is presumably to allow cyto- 
logists in all branches of the subject to become 
familiar in a general way with events occurring in 
fields other than their own. Very few of us can be 
expert in all branches of the subject, and the jargon 
of each becomes more and more exclusive and 
unintelligible to the others. If, therefore, a review 
of cell biology is to be useful, it must be written in 
simple language which all can understand. It must 
be the primary object of each author of the review 
articles to explain his subject as simply as possible 
and not to be as cryptic and clever with his jargon 
as he can. Two examples will illustrate the dangers. 
The following paragraph presumably means some- 
thing to the author and perhaps to workers in the 
same field, but one wonders how much it conveys to 
others: “The activators and inhibitors mentioned 
under the Tween techniques have no effect whatso- 
ever on the hydrolysis of the naphthol esters, except 
that eserine (10-'M) appears to inhibit the activity 
of the muscle-spindles of the mouse considerably”’. 
Another pair of adjacent sentences in another article 
seems @ little curious to the nnin. iated : ‘“This is the 


basis of the acid-Giemsa technique, which is now 
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widely used for bacterial cytology. It is of course 
obviously derived from the Feulgen reaction, })::t 
produces much clearer preparations’, Why is it of 
course so obvious ? Perhaps in the second and si!) 
sequent volumes the editors will help the reader 0\ 
such difficulties. They will have a hard task; | 
they will have to face it if the review is to suecee: 

Some of the sixteen articles, which are on varioi:s 
topics ranging as a whole from bacterial nuclei 
through the localization and mode of action of 
enzymes to physicochemical studies of cell structure 
and even to a short historical note on early cyto- 
logical research, are little more than original papers 
or summaries of original papers by the same author. 
While sometimes individually interesting, they are, 
in my opinion, out of place. On the other hand, suc! 
reviews as those on freezing and drying techniqu 
on the basis of staining processes and on enzym 
action in the penetration of cell membranes, are on 
the whole well balanced and useful. Perhaps th: 
most interesting theory which is developed—and it | 
the declared policy of the editors to provide space 
for the development of new theories—involves t) 
folding and unfolding of protein molecules as a basis 
for osmotic work done by cells. This seems to be 
full of possibilities. 

On a minor point, I would suggest that the 
lists of references should include the titles of the 
papers. E. N. WILMER 


USEFUL PLANTS OF THE 
TROPICS 


The Useful and Ornamental Plants in Trinidad and 
Tobago 

Revised fourth edition by R. O. Williams and R. O. 

Williams, Jr. Original edition by W. G. Freeman 

and R. O. Williams. Pp. 335. (Port of Spain: 

Department of Agriculture, 1951.) 2 dollars. 


6 Dea fourth edition of “The Useful and Orna- 
mental Plants in Trinidad and Tobago’, by 
R. O. Williams, sen. and jun., will doubtless prove, 
like the earlier editions of this extremely useful 
reference work, to be of value in many other tropical 
countries besides the West Indies, for a large pro- 
portion of the plants dealt with are, more or less, 
cosmopolitan throughout the tropics. The authors 
are father and son, and the work affords a good 
example of family enterprise and co-operation. Both 
are now engaged in agricultural work in East Africa, 
and the senior author has produced a somewhat 
similar work there (‘“Useful and Ornamental Plants 
of Zanzibar and Pemba’). 

At the present time there is increasing interest in 
economic plants of all kinds. This is particularly 
noticeable where food plants are concerned, and those 
plants that fall in the category of protective food 
plants or which are rich in vitamins. This is perhaps 
a natural consequence of a rapidly increasing world 
population and the demand for more and yet more 
food. Medicinal and drug plants are another group 
of economic plants that are attracting much attention. 
Many feel that the thousands of native medicinal 
plants throughout the world in use by primitive 
peoples are worthy of intensive investigation on 
modern scientific lines, and that more extensive use 
might be made of some of them. There is interest at 
the present time in those plants known to be used 
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by various primitive races of the world, notably on 
the North American Continent, for inducing sterility, 
or temporary sterility, in mankind. At present 
practically nothing is known of the active principles 
of these plants or the manner in which they function. 
Some consider such plants might possibly be utilized, 
with proper control by the State, in curbing the too 
rapid increase in population that is now taking place 
in some countries, such as India. Parestu and fodder 
plants for the tropics and sub-tropics, particularly 
leguminous fodder plants, are another group to which 
special interest is attached. Books of reference on 
the economic plants of different parts of the world, 
outlining what is already known of the useful plants 
of the region concerned, are therefore very desirable 
at the present time. 

In the new edition of the Williams's book the first 
part is devoted to lists of economic plants arranged 
in groups such as major and minor plantation crops, 
forest crops, the various food crops, cover and green- 
manure crops, fodder crops and grasses, medicinal 
plants, oil seeds, perfumes, etc. Other headings 
include: fibres, hat- and basket-making materials, 
windbreaks and protective hedges, shade trees. The 
ornamental plants are dealt with similarly. In the 
main part of the book the species concerned are dealt 
with alphabetically according to genera. For each 
species the family and common name or names are 
indicated, and the space devoted to each is dependent 
upon its importance. Cross-indexing of common 
names has obviated the need for a separate index. 
The book is well arranged and easy to use. It is 
almost double the size of the original edition. 


AWKWARD PROPERTIES OF 
MATTER 


Deformation and Flow in Biological Systems 
Edited by Prof. A. Frey-Wyssling. Pp. xii+5 
Amsterdam : North-Holland Publishing Co., 1952.) 
38 f. 


52. 


A. CRAFTSMAN knows by experience whether 
{i his materials are in the right condition for his 
work ; and the technologist who sets out to replace 
this traditional skill by a mechanical process may 
well find himself at a loss for terms in which to 
describe, measure and specify the consistency of a 
clay, for example, or the stickiness of a glue. For 
the biologist the failure of his materials to conform 
to any classical pattern is often a source of serious 
difficulty when an attempt is made to interpret a 
biological function in physical terms. 

The rheologist, in whose province these problems 
fall, may usefully attack them qualitatively by 
defining new criteria to replace others the meaning 
of which is obscured by everyday use: thus ‘spinn- 
barkeit’—that property of a liquid which permits it 
to be drawn into coherent threads—has a specifi: 
meaning, while ‘plasticity’ is ambiguous. His quanti- 
tative problem consists in measuring the properties 
he has defined and relating them to more familiar 
physical concepts such as elasticity and viscosity ; 
often modifying familiar equations by making their 
constants adjustable. 

Both approaches are exemplified in this book—the 
first of a series on the rheology of natural and syn- 
thetic products. Containing as it does nine indepen- 
dent monographs, the book cannot set out a unified 
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view of the rheological problems encountered in 
biology ; but some topics such as the fiow of a real 
liquid through a real tube do recur in a number of 
contexts. 

A. Frey-Wyssling is concerned with the mechanism 
by which latex is extruded from elastic-walled storage 
tubes when these are opened by cutting into the bark 
of the rubber tree. He concludes that this is a passive 
process because its time-course is the same as that 
predicted theoretically for passive extrusion from an 
elastic tube. Other problems of flow in elastic tubes, 
including the physiologically important case of 
pulsatile flow, are dealt with by J. J. Hermans. Both 
contributions intentionally neglect departures from 
classical behaviour 

The importance of these departures is well brought 
out in the monograph by L. E. Bayliss on the 
rheology of blood. Thus the apparent viscosity of 
blood flowing through a tube is a function of the rate 
of shear, of the diameter of the tube (after allowing 
for the effect of tube diameter on rate of shear) and 
to a small extent on the duration of the shear. It is 
thus very difficult to compare viscosity measurements 
made by different techniques. Some of the anomalies 
are consequent upon the fact that blood is a suspen- 
sion and that the spatial distribution of plasma and 
cells is modified during flow by the influence of 
velocity gradients. 

R. D. Preston criticizes the theory that water may 
be drawn to the tops of tall trees in columns which 
retain their coherence even when the local pressure 
is far below the vapour pressure of water. The early 
measurements of the tensile strength of water gave 
high values which, he concludes, are not valid under 
conditions existing in the xylem elements. Moreover, 
if a cut is made into the cambium, dye solutions are 
sucked in with a time-course consistent with the 
theory that the xylem vessels are actually filled with 
air at reduced pressure. 

That a qualitative or semi-quantitative approach 
to rheological problems may lead to valuable results 
is illustrated by G. W. Scott Blair’s paper on the 
rheology of secretions. Characteristic changes in the 
consistency of cervical fluid occur during the cestrous 
and menstrual cycles, so that comparatively simple 
tests may be used to determine the time of ovulation. 
W. Seifriz’s long monograph on the rheological 
properties of protoplasm also contains many quali- 
tative observations of great interest, but his inter- 
pretation of them is often uncritical. For example, 
Kamiya’s discovery that myxom ycetes may exert 
flow pressure with a regular cyclic recurrence, and 
that this cycle can be analysed into Fourier com- 
ponents, should scarcely be attributed to “interplay 
of rhythm and harmony” in protoplasm. 

The remaining papers deal with the plasticizer 
theory of muscular function; the relation between 
mechanical properties and structure in plant cell 
walls ; the production and circulation of cerebro- 
spinal and intra-ocular fluid ; and with the diffusion 
of solutes, including gases, in tissues. The book ends 
with a short report of the first International 
Colloquium on Rheological Problems in Biology, 
held at Lund in 1950. 

Most of the contributions are of a very high 
standard, but each will be of interest mainly to the 
specialist, who may not care to buy a whole book in 
order to obtain the monograph that interests him. 
However, the book undoubtedly deserves a place in 
every library that has a biophysical section. 

D. R. WILKIE 
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Gazetteer of Agricultural and Forestry Research 
Stations in the British Commonwealth 1952 
Including a List of such Stations in the Republic of 
Ireland. Pp. xix+517. (Farnham Royal : Common- 
wealth Agricultural Bureaux, 1952.) 30s. 


HE list of research workers in agriculture and 

forestry in the British Commonwealth, pub- 
lished in 1938 by the Imperial Agricultural Bureaux 
(as they were then), has long been a valuable reference 
book for all concerned. A post-war edition has been 
anxiously awaited and is to be greatly welcomed, 
particularly in the greatly extended gazetteer-form it 
has now taken. It will probably come as a surprise 
even to those engaged in work in these fields to find 
that particulars are included for more than a thousand 
research centres of various types situated within the 
Commonwealth. 

Appraisal of the value of the changes in arrange- 
ment, and particularly in the indexes provided, will 
probably vary according to the special requirements 
and practice of the user. The gazetteer has dropped 
the alphabetical index of names of research workers 
with their countries in favour of an index to the 
actual research stations themselves. The former was 
useful in various ways and will probably be missed, 
while the names adopted by the research stations do 
not lend themselves to indexing without a lot of 
duplicate entries, difficult to select ; the numerical 
device for ensuring quick recognition of the country 
in which the station is situated is helpful. The index 
for subjects of research is on a completely different 
basis from that of the 1938 list, and its compilation 
must have been a difficult and laborious task. It 
occupies about a hundred pages and gives references to 
the stations at which work is in progress on the 
subject in question, the serial number of the station 
again indicating its whereabouts ;. plant and animal 
indexes are incorporated. No attempt is made to 
indicate which are the major references; but this 
would obviously be almost impossible. Perfection is 
unattainable, but the outcome of a varied test on 
this index was quite good. 

This gazetteer constitutes a much-needed and most 
importent addition to existing facilities for inter- 
course and co-operation in research. H. G. C. 


Acoustical Designing in Architecture 
By Prof. Vern O. Knudsen and Dr. Cyril M. Harris. 


Pp. x+457. (New York: John Wiley and Sons, 
Inc.; London: Chapman and Hall, Ltd., 1950.) 
60s. net. 


UDGING by the number of books on the acoustics 

of buildings that have appeared in recent years, 

it is evident that the science of acoustics is now 

assuming its rightful place among the physical 
sciences, and this advance is to be welcomed. 

The authors of the book under review are well 
known in the world of acoustics, and they have 
produced a work which is comprehensive, satisfying 
and very readable. It is intended mainly for archi- 
tects and students of architecture, and others who 
probably wish for a non-mathematical yet thorough 
treatment of the subject ; but it is safe to say that 
many students of physics and engineering will also 
find the book worth reading and investigating. 


The first part of the work is devoted to a discussion 
of the basic principles and general procedures of 
design that determine the acoustical properties of all 
types of buildings, while subsequent chapters show 
how these principles and p 


cedures can be applied 
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to obtain the best acoustical effects. 
applications are emphasized, and examples of good 
design are worked out; in addition, comprehensi: 
tables give pertinent data on sound-absorpti 
materials and sound-insulative structures. 

The book is well written and produced, and 
should certainly serve conveniently as a handbook 
in the solution of most architectural acoustical 
problems. 


Sound 
By W. Hall and O. M. Matthews. Pp. viii+ 2:9. 
(London: Edward Arnold and Co., 1951.) 9s. 


HE authors of this book have clearly recogniz:d 

that a fuller treatment must now be accorded in 
schools to the subject of sound, a subject which is of 
ever-growing importance, and they have provided 
excellent little book up te % point. 

On the credit side, due emphasis is put on the 
importance of vibrations and waves, and the book 
certainly keeps abreast of modern developments, 
devoting one chapter to ultrasonics and another to 
technical applications of sound. But against th« 
undoubted virtues, one feels that, although man, 
facts are given and much ground covered, few topics 
are dealt with sufficiently fully for sixth-form pupils, 
and in my opinion a serious deficiency is the absence 
of detailed reference to the vibration of bars (of 
which the tuning fork is an outstanding example 
and of membranes and plates. 

Simple harmonic motion is dealt with in an 
appendix ; but this might have been put in the text 
as a prelude to the discussion on wave motion. 

If the book is intended for sixth-form use, it is 
suggested that some of the elementary work at 
the beginning might be omitted, and it is difficult 
to understand why, in such a small book on sound, 
two pages are devoted to the Doppler effect in 
light. 

A good selection of questions of the appropriate 
standard is included at the end of each chapter. 

T. M. Yarwoop 


Proceedings of a Second Symposium on Large- 
Scale Digital Calculating Machinery 

Jointly sponsored by the Navy Department, Bureau 
of Ordnance and Harvard University at the Com 
putation Laboratory, 13-16 September 1949. (Annals 
of the Computation Laboratory of Harvard Univer- 
sity, Vol. 26.) Pp. xxxviii+ 393. (Cambridge, Mass. : 
Harvard University Press; London: 
University Press, 1951.) 52s. net. 


HIS conference included papers on complete 

machines, machine components in development, 
numerical analysis, programming, and surveys of 
the possible applications of high-speed computing 
machines in physics, aeronautics, applied mechanics, 
and economics. Although nearly three years have 
elapsed since the conference took place, there is stil 
a good deal of interest to be found in the report ; fo 
example, in the descriptions of the Harvard Mark : 
machine and the Bell Telephone Laboratories Model i 
and—in the section on programming—in D. FE. 
Lehmer’s characteristically pungent remarks o1 
pseudo-random numbers and the use of high-speel 
machines for calculations connected with numbe 
theory. The paper by Harry D. Huskey on sem- 
automatic instructions is well worth reading in viev 
of present-day trends in the technique of pri- 
gramming. M. V. WILKES 
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MEASUREMENTS OF ICE THICKNESS IN DRONNING MAUD LAND, 
ANTARCTICA 
By G. de Q. ROBIN 


Department of Physics, University of Birmingham 


HE Norwegian-British-Swedish Antarctic Ex- 
. 2 pedition, 1949-52', which returned to Europe 
last February, carried out a comprehensive pro- 
gramme of glaciological, meteorological and geological 
research, making considerable use of geophysical 
methods. Particular attention had been directed to 
mountainous areas of Dronning Maud Land by the 
air photographs taken in 1939 by the German 
Schwabenland expedition. These indicated a par- 
ticularly useful area for glaciological studies. 

The expedition sailed from London in November 
1949 in the Norwegian sealing vessel Norsel, and 
established its base, known as ‘“‘“Maudheim’’, in lat. 
71° 03’ S., long. 10° 55’ W. on a floating ice shelf in 
February 1950. The weather experienced during the 
two-year stay was less windy than in some other 
Antarctic localities, which helped considerably in 
carrying out the programme. 

In addition to standard meteorological observa- 
tions, upper-air temperatures and winds were 
measured daily to heights averaging more than 
10 km. Special studies were made of the radiation 
balance, and of wind and temperature gradients up 
to the 10-m. level. Glaciological work included 
measurements of net accumulation, surface move- 
ment and ice thickness both at the base and inland. 
A boring machine enabled temperatures to be 
recorded, and crystallographically undisturbed cores 
to be examined, from depths down to 100 m. at 
Maudheim, and corresponding work at shallow depths 
was carried out on journeys inland. Other work 
included a ground survey supported by air photo- 
graphs, an extensive geological reconnaissance, and 
some physiological investigations. 

The full scientific reports of the expedition will be 
published as a special series by the Norsk Polar- 
institutt, Oslo. The following is a preliminary account 
and discussion of the measurements of ice thickness 
made by the expedition. 


Method 


Thickness measurements were made by standard 
seismic reflexion shooting techniques, using equip- 
ment with six recording channels. The seismometers 
were normally spaced 10 metres apart in line with, 
and separated from, the shot point by distances of 
10-200 metres according to the depth of the ice. 
The shots consisted of TNT charges of 90-720 gm. 
placed in hand-bored holes at depths of 2-12 metres. 

Three distinct waves were produced by each 
explosion, the longitudinal (P) wave of around 
3,800 m./sec., @ second wave at about 1,650 m./sec. 
which may be a transverse (S) wave, and a Rayleigh 
wave at approximately 1,050 m./sec. Refraction 
shooting techniques were used to measure the 

Table 1 











Distance Height 
| Seismic from | above ice tem- Velocity 
| ate | station Mandheim | sea-level | peratures | of P wave 
| No. (km.) (m.) _ | (m./sec.) 
| 13/10/51 | 38 (Maud- 0 37 -17 3,760 +20 
heim) | 
30/12/51 165 185 480 | —19 3,775 +20 
13/11/51 97 413 1,575 | —27 3,785 +20 | 
25/11/51 | 119 615 


2,710 | —40 | 3,810+20) 


— J 











velocity Vp of the P wave at four different locations, 
with results listed in Table 1. 

The change in velocity of the P wave with tem- 
perature is less than has been found by other 
observers?*, As the normal refraction shooting 
technique results in measurement of the maximum 
value of Vp rather than its mean value over a range 
of depths, the accuracy of soundings cannot be con- 
sidered so reliable as the measurements of Vp and 
echo-times would suggest. In view of the variation 
of Vp with locality and of checks of seismic thickness 
measurements by independent methods*, an accuracy 
of depth measurement of 5 per cent would seem a 
reasonable claim. 


Surface Profile 


Distances were measured by meters on the tracked 
vehicles and by sledge meters. These distances were 
adjusted to fit astronomical observations made at 
important points. 

Heights have been determined by aneroid bar- 
ometers. Heights at control points were evaluated 
from surface pressure and pressure-height records 
from Maudheim. Between these points, heights are 
interpolated by barometer readings taken frequently 
when travelling between control points in rapidly 
moving vehicles. Errors should not exceed 30 m. 
for the first 300 km. from Maudheim, as they are 
means of three journeys. Beyond 300 km. the greatest 
difference of height measurements at the same spot 
on the outward and return journey was 60 m., and 
the error is not likely to exceed this amount. 

The reported elevation of 4,200 m. for the surface 
of the ice sheet in Dronning Maud Land*’, the 
greatest claimed in Antarctica, was found to be 
incorrect. On a practically level ice sheet, within 
2 km. of the charted position of one such report, our 
measurement showed an elevation of 2,670 m. This 
was in keeping with the results of the surveyor, N. 
Roer, which showed mountain heights to be sub- 
stantially lower than previously reported. 


Seismic Shooting Results 

Fig. 2 shows the route followed on the main 
seismic field-journey which took place during October 
18, 1951—January 6, 1952. The lines of small additional | 
profiles are also shown. Fig. 3 shows the picture of 
the ice and the underlying rock profile along the main 
route. For discussion, the profile may be split into 
the following five regions, all distances noted being 
taken from Fig. 3: (1) floating ice shelves from 0 to 
35 km. and 55 km. to 142 km. which may also be 
termed ice barriers or shelf ice; (2) ‘coastal ice hills’* 
from 35 km. to 55 km. and 142 km. to 176 km; 
(3) mountain ice sheet region from 176 km. to 470 km., 
less region 4; (4) mountain region from approximately 
315 km. to 395 km.; (5) the inland plateau beyond 
470 km. 


Floating Ice Shelves and ‘Coastal Ice Hills’ 


Evidence that the ice shelf is floating will form the 
subject of a separate report. The most direct measure- 
* This is a tentative name and the matter will be discussed shortly 
by the Royal Geographical Society’s Committee on Antarctic Glacier 


Nomenclature. Other possible names are ‘ice cupolas’, ‘ice swells’ 
(which is more applicable to smaller features), ‘ice shelf hills’, etc. 
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Fig. 1. Seismic shooting records. 


The vertical lines represent time intervals of 1/100 see. ‘The top trace records the shot instant and th 


others the amplified output from six seismometers. 


(a) Record taken on the ice shelf 2 km. south-west of Maudheim. 
f:, echo from sea bottom ; 


(6) Record taken on inland plateau 516 km. from Maudheim. Surface elevation, 2,505 m. Ice thickness (r,), 2,290 m. 


echo from bottom of ice shelf ; 


P, longitudinal wave ; S, transverse wave ; R, Rayleigh wave; 7, 
Ts, T4, etc., echoes from lower surfaces and multiple echoes. 
On this record 


the output of adjacent seismometer channels are mixed toincrease the apparent echo-strength, in order to overcome the excessiv: 
background noise caused by random snow collapse after the shot was fired 


ment of the thickness of the floating ice at Maudheim 
has been made by the glaciologist, V. Schytt, by 
extrapolating his depth-density curve beyond its 
measured limit of 100 m., * .d using this together 
with the accurate surface elevation measured by N. 
Roer. This gives an ice thickness of 186 + 5 m. 
Measurement of the P-wave echo-times from the 
bottom of the sea water for vertical and oblique rays 
through the ice shelf plus sea water gave a similar 
but less accurate result, 180 + 30. m., for the ice 
thickness. This gives independent confirmation that 
the P-wave velocity is around 3,760 m./sec. for the 
whole thickness of the ice shelf, in contrast to the 
results found by Poulter‘ in the Bay of Whales area. 
He stated that the waves travelled with a velocity 
close to thet in sea water when be- 


assumed as the ice thickness at that point. In view 0! 
the extremely flat nature of the ice shelf, this is un 
likely to introduce errors of more than 50 m. i) 
bottom depths. 

Echoes obtained on the inland ice were verified to 
be P-wave echoes for a few stations, as is normally 
the case, and all inland ice echoes have been therefore 
taken as being such. : 

The profile across the hill 45 km. from Maudheim 
clearly shows the great increase in thickness where 
the ice is grounded. The profile does not cross the 
highest point of this ‘ice hill’ ; but one seismic station 
was taken on the top of a smaller hill, and showed 
that the ice extends to 100 m. below sea-level there. 
The hill from 145 to 175 km. is similar in character, 





low sea-level in the ice shelf, thereby 
indicating that the sea water per- 
colated through the ice shelf to that 
level. The glaciologists’ core exam- 
inations and seismic shots fired at 
100 m. depth (63 m. below sea- 
level) show that such an effect is not 
present at Maudheim. Wade’s® 
figure of — 22°C. for the ice tem- 
perature at 41 m. depth (10 m. 
below sea-level) contradicts evi- 
dence of such percolation at the 
Bay of Whales. 

At five stations, an echo has been 
observed which could not reason- 
ably come from anywhere but the 
bottom of the floating ice. Schytt’s 
thickness measurement at Maud- 
heim has been used for calibrating 
this echo for other stations, as it is 
not clear whether this is a P-wave 
double echo (gives 205+ 10m.) or an a oe 
S-wave echo (gives 215+30m.). In 
order to use the echo from the sea- 
bottom at stations where the ice \ 
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of the five known values has been 
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Routes followed on main and subsidiary seismic journeys 
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Fig. 3. Main seismic profile. The vertical marks above the distance scale show points at which seismic echoes were obtained 


although it joins the mountain ice sheet on its inland 
side. ‘he term ‘coastal ice hill’ is proposed for these 
features, where the visible hill is due to the accumu- 
lation of ice on a relatively flat base, and the form of 
which is determined principally by the mechanism 
of ice flow, rather than the underlying topography. 

The detailed diagram (Fig. 4) of the ice shelf to 
inland ice junction is based on echoes at two seismic 
stations, plus theodolite levellings. A 1-m. change in 
surface level has been assumed to represent an 8-m. 
change in the thickness ‘of floating ice. 

As the mechanism of flow of ice shelves!* has been 
neglected, compared with that of ice sheets and 
glaciers, the following points appear worthy of 
mention. (1) Although the upper layers of ice shelves 
may vary considerably in temperature at different 
localities, the bottom of an ice shelf is normally in 
contact with sea water, which is unlikely to differ 
much from — 1-8° C., its freezing point. (2) Except 
for layers nearer the surface, large density variations 
with locality appear to be unlikely. (3) As ice shelves 
are floating, they rest on a virtually frictionless base, 
and under some theories a theoretically negligible 
surface slope should be sufficient to cause flow. In 
these circumstances forces due to the rotation of the 
earth, and frictional forces with the air and sea 
should be considered, even though all these are small. 
(4) Fig. 4 shows clearly that, in a relatively short 
horizontal distance, the thick inland ice tends to thin 
out to a floating ice shelf of a thickness close to that 
at Maudheim and at other measured stations. 
(5) Accurate surface levelling at Maudheim by N. 
toer showed that, in spite of the accumulation of 
more then one metre of firn, the general surface 
height aleve sea-level of the ice shelf changed by 
less than 5 ecm. in twenty months. 

In view of the above, and particularly of point (4), 
the idea that ice shelves tend to attain an ‘equilibrium 
thickness’ would appear reasonable, although prob- 
ably an over-simplification. An ice shelf could then 
be formed by accumulation on frozen sea ice or 
coalescing glaciers without any appreciable flow 
taking place until such an equilibrium thickness was 
approached. When this had been attained, the 
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Junction of ice shelf and inland ice 148 km. from Maud- 
Based on echo from ice-rock surface at 0-7 km. and from 


ice-water, and water-rock surfaces at 6°8 km., and from surface 
levelling by theodolite 


additional accumulation would produce ice flow, by 
increasing the area of the ice shelf. In the absence 
of differential movement between different levels of 
the ice shelf, the following equation should hold : 
Annual net accumulation e 
Equilibrium thickness of ice shelf 

increase in area per year 

total area 








Annual net accumulation in the above would also 
include any ioss or gain on the bottom surface of 
the ice shelf due to melting or freezing of the sea 
water. 

If we apply a possible figure of 40 cm. ice as the 
annual net accumulation over the Ross Ice Barrier, 
and take its equilibrium thickness as 200 m., as it is 
only free to expand to the north, we should get an 
advance of around 3 m. a day, compared with 
observed mean figures of up to 4m. a day*®. Accurate 
figures for this spreading which were obtained at 
Maudheim are at present being worked out by the 
glaciologists, Schytt and Swithinbank. 

Now if an ice shelf is forming over an area of sea 
with insufficient depth to float this ‘equilibrium’ 
thickness, it will presently touch the bottom. If the 
area of contact remains small, any forward motion 
of the whole ice mass may slide the ice over the 
obstruction, as apparently happens in the Ross Ice 
Barrier. If the grounded area becomes too large, it 
will have to supply its own mechanism of flow by 
forming ‘ice hills’. 

Both the ‘ice hills’ shown m Fig. 2 follow the 
equations of flow h = ho/« proposed by Nye!®, except 
near their edges, using the value of hy of 124 m., 
similar to that found in Greenland. 

Such ‘ice hills’ are small-scale models of vast ice 
sheets, and as such may be worthy of thorough 
investigation. In Table 2, heights and minimum 
radii are listed for ‘coastal ice hills’!! with contours 
which suggest they are resting on a relatively level 
base. In each case the hills are wholly or partly 
surrounded by ice shelves. The calculated heights in 
the table are obtained by the formula proposed by 
Orowan?? and later by Nye’®: 


h = V2h,S, 


where h is the maximum thickness of ice; hy is a 
constant taken as 10 m., as Nye found in Greenland ; 
and S is the minimum radius of the hill. 

The hill was assumed to rest on a level base 160 m. 
below sea-level, and a correction was applied assuming 
that shelf ice 200 m. thick surrounded the hills. 

The increase of height with radius is clearly shown, 
and the agreement with calculated height is sur- 
prisingly good in four cases, considering the assump- 
tions made about the underlying surface. The 
dependence of height on the area of the base was 
originally proposed so long ago as 1879 by Croll?*. 

It is significant that values close to 10 m. for hy 
approximately fit hills listed in Table 2 and the dept? 
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Table 2 
! 
Observed Calculated 
Minimum height height 
Position radius | (metres above | (metres above 

S (km.) sea-level) sea-level) 
| 72°15’ 8. 60° 15° W. 5-3 190 220 
71° 00’ 8. 10° 07" W. 6-9 300 260 
69° 55’ 8. 61° 15’ W. 7:2 300 270 
| 70°37’ S. 60° 48’ W. 8-0 400 | 285 
71° 00’ S. 60° 48’ W 8-8 490 305 
71° 30’S. 9°50’ W 30 | 650 | 640 

' 











measurements on ‘coastal ice hills’ in Fig. 3. Nye found 
that the value of hy, = 10 m. fitted the Greenland Ice 
Sheet, and values of 6-17 m. fitted European glaciers. 
Now hy is directly proportional to the shearing stress 
in the lowest levels of moving ice. Glen’s laboratory 
studies on polycrystalline blocks of ice have shown 
that the shearing stress varies as approximately the 
fourth root of the rate of strain"‘, so if other conditions 
are the same, the small spread in values of h, is not 
surprising. However, Glen has also found that the 
shearing stress required to produce a given rate of 
strain increases rapidly with decreasing temperatures, 
being approximately doubled when the ice temper- 
ature changes’® from 0° C. to — 5° C. The inference 
is therefore that in the Antarctic the temperatures of 
the lowest levels of ice are not greatly below 0° C. 


Continental Shelf 


From the evidence presented, it is apparent that 
the continental shelf of Antarctica may, if sufficiently 
shallow, be covered by gradually rising ‘coastal ice 
hills’, or, if deeper, its presence may still be hidden 
from ships by floating shelf ice. The reported absence 
of any antarctic continental shelf, as was reported '® 
in longitude 3° E., cannot, therefore, be wholly based 
on ship-board information. 


Mountain Ice Sheet and Mountain Regions 


Inland from 175 km. from Maudheim, the bottom 
relief changes remarkably to an alpine type, and so 
comes under Flint’s!? description of a mountain ice 
sheet, as a very occasional nunatak just breaks 
through the ice surface. On this section, several 
closely spaced stations were worked to examine the 
cause of step-like rises in the ice surface. At 187 km. 
such a step was apparently caused by a rock ridge 
submerged under 1,100 m. of ice at the point of 
measurement. At 210 km. and 248 km. the steps 
were caused by ice flowing over ridges some 500- 
600 m. below the ice surface, with the rock reaching 
its greatest elevation some 500 m. down slope from 
the crest of the step. Similar depths at 259 km. and 
269 km. give the impression that, in this region, 
500-600 m. of ice represents some kind of a critical 
depth for ice-flow across submerged ridges. 

From 315 to 395 km. the route wound through a 
group of mountains rising to 2,700 m. above sea-level. 
This line of mountains runs towards the north-east 
with gradually decreasing height, and on either side 
of this line large glaciers drain the ice seawards. The 
valleys at 300 km. and 410 km. represent cross- 
sections of these glaciers. Ice-depths up to 2,000 m. 
in these valleys show that the underlying relief must 
be comparable to the most striking fjord type of 
country at present known, such as exists on the 
eastern coast of Greenland. 

From 355 km. to 395 km. the ice depths were 
measured on mountain glaciers not more than 10 km. 
~wide within the main mountain massifs. 
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From 415 km. to 475 km. the surface rises to the 
level of the exposed rock ridges of Neumayervegg«n. 
The many crevassed patches on this escarpment 
make it probable that in many places peaks a: id 
ridges are not covered by any great thickness of i: 
A typical profile would probably indicate a more 
jagged underlying relief than the gradual rise :« 
Neumayerveggen which our measurements suggest. 


Our results here were influenced by the necessity of 


keeping our vehicles well clear of crevassed areas for 
reasons of safety, and also it was not possible to 
work anything like a desirable number of stations in 
the time available. 


The Inland Plateau 


Inland from Neumayerveggen no rock is Baeble 
and the surface essentially becomes that of a high ic: 
plateau formed by the damming of the ice on the 
inland side of mountain ridges. As there was con 
siderable difficulty in obtaining soundings in this 
region, they are again too widely spaced to show 
much of the underlying relief; but the surface 
undulations seem to indicate that the rock floor is 
far from being a smooth basin. The soundings mad 
at 615 km. show a bottom slope of 1: 6 in direction 
100° M. compared with a surface slope in the vicinity 
of the station of 1 : 440 in direction 200° M. 

Unlike the central portion of the Greenland Ice 
Sheet, the rugged relief of the rock floor inland from 
180 km. is such that the simple formula of Nye cannot 
generally be applied. While the underlying relief is 
in many ways reflected by the surface slopes in a 
more or less inverse proportion to the ice thickness, 
the direct interpretation of surface slopes is com- 
plicated by the damming action of ridges across the 
lines of flow. Further study here may, however, permit 
better interpolation of the underlying relief between 
seismic stations. 

The findings described in this article have been the 
result of the work of the many people involved in 
the organization of the expedition, including the 
leader and other members of the wintering party 
at Maudheim, to whom I express my thanks. My 
particular thanks are due to my two companions 
throughout the seismic journey, P. Melleby (Norway), 
who looked after transport and camping equipment, 
and C. W. M. Swithinbank (Great Britain), who was 
responsible for navigation and general glacivlogy on 
this journey. 
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AST year we described several configurations 

for polypeptide chains, and suggested that one 
of them, the «-helix, which has about 3-6 amino-acid 
residues per turn of the helix, is present not only 
in synthetic polypeptides but also in proteins of the 
a-keratin type, and in hemoglobin and other globular 
proteins'. We pointed out that the dimensions of the 
unit of structure, as indicated by the X-ray photo- 
graphs, and the distribution of intensities in the 
equatorial direction are roughly accounted for by 
the a-helix. In addition, we mentioned that the 
structure is supported also by the meridional re- 
flexions observed for muscle fibres and porcupine 
quill, in particular the reflexions with spacings 1-5 A. 
(the length per residue along the axis of the «-helix) 
and multiples of this value ; the value of this evidence 
was emphasized by Perutz*, who observed the 1-5-A. 
reflexion for hair, horn, and other a-keratin proteins. 

We also pointed out that the X-ray pattern of 
a-keratin, as described by Astbury and Street, has 
a strong equatorial reflexion at 27 A., which is not 
accounted for by a structure involving «-helixes in 
regular parallel orientation, and we suggested that 
this reflexion is due to a long-range order to be 
elucidated through further study. Other difficulties 
for the proposed simple structure of the «-keratin 
proteins have been emphasized to us by several 
workers in the field. The most important of these 
difficulties are a discrepancy between the observed 
and calculated density, and the failure of the «-helix 
to explain the 5-2-A. are on the X-ray photographs 
as @ true meridional reflexion. 

We have recently noticed that an «a-helix for a 
polypeptide chain involving repeating sequences of 
amino-acid residues of different kinds would be 
expected not to have a straight axis; instead, the 
axis of the helix would itself be predicted to pursue a 
helical course. A protein might consist of a single 
polypeptide chain with the configuration of a com- 
pound helix; three such helixes might well be 
expected to twist about one another, to form a three- 
strand rope, and six might be expected to twist about 
a seventh, to form a seven-strand cable; still more 
complex structures may also be formed. There is 
good reason for believing that hair, horn, quill, and 
other proteins of the «-keratin type consist of seven- 
strand protein cables in parallel orientation, with 
single compound «a-helixes occupying interstices 
between them. 

The stady of simple substances related to proteins 
has not only provided reliable values of interatomic 
distances and bond-angles, but has also indicated that 
the N—H---O hydrogen-bond distance may be expected 
to vary by about + 0-12 A. about its average value‘ 
in compounds of this sort, 2-80 A. Variation in the 
hydrogen-bond distance might be caused directly 
by the interaction of side-chains of amino-acid 
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residues with the carbonyl and imino groups of the 
adjacent amide groups, or indirectly by steric hind- 
rance (especially adjacent to a proline or hydroxy- 
proline residue) or by attraction between side chains. 
Let us consider an «-helix composed of a polypeptide 
in which a unit of four amino-acid residues of different 
sorts is continually repeated. Two of the hydrogen 
bonds might be longer than the other two, by about 
0:2 A. This difference in length would cause a curva- 
ture of the axis of the a-helix. If the «-helix has 
3-6 residues per turn, the normal to the curved helical 
axis would be rotated by 0-09 revolution by progressing 
from one unit to the next unit of four residues along 
the chain, which corresponds to a complete revolution 
in about eleven units. The axis of the a-helix would 
itself accordingly describe a larger helix, with pitch 
approximately 66 A., the axial length of 44 residues. 
The radius of the larger helix would be about 1-5 A., 
and the sense of the larger helix would be the same 
as that of the a-helix. A compound helix of this 
sort is represented in Figs. 1 and 2. 

Another simple case is that of the compound helix 
with a repeating unit of seven amino-acid residues. 
An a-helix with 3-60 residues per turn executes 
97-2 per cent of two turns in seven residues, and 
would accordingly be expected to complete a turn of 
the larger helix in about thirty-five turns of the 
a-helix, or 12$ residues, corresponding to about 190 A. 
for the pitch of the helix. However, the prediction 
of the pitch of this compound helix is rather uncer- 
tain; decrease by 1-5 per cent of the number of 
residues per turn would cause the predicted pitch 
to be doubled, to the value about 400 A. The radius 
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Fig. 2 


Fig. 1 


Fig. 1. A compound helix with pitch of the large superimposed 
helix equal to 12-5 times the pitch of the small helix. For 
the compound a-helix the values might be 68 A. and 5-44 A., 
respectively 
Fig. 2. At the left, a compound a-helix with pitch about 67 A. 
The diameter, shown as about 10 A., includes the volume occupied 
by side chains as well as the main chains of the protein. Centre, 
a seven-strand a-cable, with lead of about 400 A. In the proposed 
structures of proteins of the a-keratin type these cables are 
packed together, with compound helixes as shown at the left in 
the interstices. At the right, a three-strand rope, with lead of 
about 200 A., and with sense opposite to that of the seven-strand 
cable. In the suggested structure for feather rachis keratin, these 
ropes are packed together with seven-strand a-cables, in the ratio 
two ropes to one a-cable 
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of the large helix might easily be as great as 10 A., 
with the variation in hydrogen-bond length men- 
tioned above. The sense of the large helix of the 
seven-residue compound a-helix is opposite to that 
of the «-helix itself. 

A radius of 6 A. for the large helix would permit 
three compound helixes to twist about one another, 
to form a three-strand rope (Fig. 2). Such a rope 
with the sense of twist of the strands opposite to that 
of the rope would be formed by the seven-residue 
compound helix, or with the sense of.the strands the 
same as that of the rope by, for example, the fifteen- 
residue compound helix (with a repeating unit of 
fifteen residues, comprising nearly four turns of the 
«-helix). 

Six compound helixes with radius of the large 
helix equal to 10 A. could twist about a central 
straight a-helix, to form a seven-strand cable. The 
repeating unit of seven amino-acid residues, com- 
prising nearly two turns of the «-helix, is the simplest 
one that would give rise to compound helixes suitable 
to a seven-strand cable; the next simplest is the 
repeating unit of fourteen (perhaps containing one 
proline residue). A drawing of the seven-strand 
a-cable is shown in Fig. 2. We suggest that the 
symbol AB, be used for this cable. 

The seven-strand a-cable is about 30 A. in diameter. 
A fibre containing these cables in parallel orientation 
would have a hexagonal unit of structure or pseudo- 
unit with a equal approximately to 30A. The 
observed equatorial reflexion with spacing 27 A. could 
then be explained as the 10-0 reflexion corresponding 
to this unit. The X-ray patterns of hair, horn, 
poreupine quill, and other a-keratin proteins are 
reasonably well accounted for by such a unit, with 
a = 32-4A. (for porcupine quill a multiple of this 
unit, indicating further superstructure, is needed to 
explain weak reflexions with larger spacing). 

A plan of the packing of the seven-strand a-cable 
is shown in Fig. 3. It is seen that there is room 
enough at the positions 4% and #4 for other poly- 
peptide chains to be introduced. If the adjacent 
seven-strand cables are staggered in azimuthal 
orientation, at a given level, «-helixes may be intro- 
duced in the positions } # and $4. Because of the 
rotation of the cables, for which the value of the 
lead (vertical distance between a point on one strand 
and an equivalent point on the same strand after one 





‘ ; : : : ' @ w 2 0A 
Se od 5 Oo OE * an F t rl i j 


Fig. 3. A cross-section of the a-keratin oa, showing the 
a-cables AB, and the interstitial compound helixes C. The 
orientation of the cross-section of the cable changes with co- 
ordinate along the fibre axis. The central cable is shown in the 
most unfavourable orientation for the interstitial a-helixes. The 
protein chains are not so nearly circular in cross-section as 
indicated in the drawing, vy — is filled more effectively than 
Indica’ 
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turn about the cable) is about 400 A., and that of the 
pitch (vertical distance from one strand to an adjacent 
strand) is about 66 A., the inserted «-helixes must be 
compound helixes, with radius of the large helix 
about 1-5 A., and with pitch equal to the pitch of 
the cable, about 66 A. The sense of these compound 
helixes must be opposite to that of the cables, in 
order that they may fit between the strands of an 
adjacent cable. The four-residue compound helix, 
which has the proper sense and approximately the 
correct pitch, is accordingly satisfactory. We suggest 
the symbol C for this compound helix. 

The volume of a portion of the hexagonal unit with 

= 32-4 A., and with height 1-50 A., the axial length 
per residue, is 136-3 A.*. The proposed structure in- 
volves nine amino-acid residues in this portion of the 
unit. With the reported range 107-118 for the average 
residue weight, the density of the protein is calculated 
to be 1-17—1-30 gm.cm.-*. The indicated disagreement 
with the experimental value, about 1-32 gm.cm.-’, 
may be due to the presence of a few per cent of water 
of hydration in the fibrous proteins. The much larger 
discrepancy between calculated and observed density 
that results from assuming the centre of the strong 
but broad equatorial reflexion, at 9-8 A., to corre- 
spond to the spacing of the reflexion 10-0 for the 
small hexagonal unit containing one «-helix is 
eliminated by the new indexing, which assigns the 
strong reflexion with centre at 9-8 A. to the over- 
lapping of 21-0 at 10-6 A., and 33-0 at 9-3 A. 

The strong 5-2-A. meridional arc, characteristic of 
the a-keratin proteins and previously given only 
rather unsatisfactory explanation in terms of the 
a-helix, is now explained in a straightforward manner 
as resulting from the co-operation of the seven 
residues, in a repeat involving approximately two 
turns of the a-helix, in the B compound helixes of 
the AB, cable. With 1-50 A. as residue length of the 
«-helix, the unit of seven residues has length 10-5 A. 
The component of this distance in the direction of 
the fibre axis, assuming the cable to have lead 400 A. 
and radius 10A., is calculated from the angle of 
inclination, 9-0°, to be 10-36 A. A weak meridional! 
reflexion would be expected to occur with this spacing ; 
the second order of this reflexion, with spacing 
5-18 A., should be strong, because it involves 
reinforcement rather than extinction by the two 
turns of the «-helix in the repeating unit of seven 
residues. The 5-2-A. meridional arc, for which 
Astbury and MacArthur have recently reported 
spacings of about 5-15 A. or 5-18 A., is accordingly 
well explained by the proposed structure. 

Strong support of the proposed structure is also 
given by many other features of the X-ray patterns 
of various proteins of the «-keratin type. Une com- 
parison of observed and calculated features is given 
in Fig. 4. At the top of this figure there is a sketch 
of the equatorial X-ray pattern of «-keratin. Astbury 
and Street*® described the «-keratin pattern as having 
@ strong reflexion at 27 A., a very strong and broad 
reflexion at about 9-8 A., and a vague region of 
darkening around 3-5A. Examination of heavily 
exposed photographs shows that the last of thes 
features is, in fact, a broad maximum, extending fror 
about 5 A. to about 3-2A. (This band may be duc 
in part to the very strong 4-7-A. reflexion o 
8-keratin; it is known that specimens of a-kerati1 
usually contain some (-keratin, and some of ow 
photographs show a rather strong 4-7-A. ring.) Ther« 
is then a minimum at about 2-8 A., a maximum ai 
about 2-4 A., a minimum at about 1-8 A., a maximun 
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SKETCH OF EQUATORIAL X-RAY PATTERN OF a KERATIN 
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AB, cables and the protein 
keratin-C, and that the AB, 
7 cables might be further separated 
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into keratin-A and keratin-B. 
We think it not unlikely that 
actomyosin has the structure 
shown in Fig. 3, and that its 
Wf af: fractionation into myosin and 
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actin is @ separation of the 
seven-strand cables AB, (myosin) 
from the single a-helixes C 
(actin). The amounts of myosin 
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Fig. 4. 
a-keratin. 
horn 
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at about 1-6 A., a minimum at 1-4 A., and a further 
maximum. The form factor F for the a-cable shown 
at the bottom of the figure is calculated by multi- 
plying x the form factor for the a-helix, including the 
g-carbon atom, as reported previously’, by the factor 
1+ 6J,(4xep sin 6/A), in which J, is the Bessel 
function of order 0, and p, the radius of the B helixes 
of the cable, is placed equal to 10A. Above the 
curve for F there is shown the curve for F*. It is 
seen that there is striking, although not complete, 
agreement between this curve and the sketch of the 
equatorial X-ray pattern. Inasmuch as the con- 
tribution of the two interstitial compound a-helixes 
and of the side chains, which together constitute just 
50 per cent of the scattering matter in the fibres, have 
not been taken into consideration, the agreement 
must be considered to be excellent. It may be 
pointed out that, in the calculation of the form 
factor, no arbitrary parameters have been involved 
except the radius of the large helix; and that the 
value 10 A, for this quantity is required, to within 
a few per cent, by the dimensions of the unit of 
structure, if it is assumed that the three different 
kinds of polypeptide chains in the «-keratin proteins 
(the core of the cable, the six surrounding strands, 
and the interstitial compound helixes) have approx- 
imately the same average amino-acid residue weight. 

The X-ray diffraction photographs of feather 
rachis keratin, which have previously been inter- 


) preted as involving $-keratin pleated sheets and 


«-keratin helixes in molecular distribution, may show 
a superimposed §-keratin pattern and «a-keratin 
pattern. If this is correct, the «-keratin is different 
in nature from hair and horn a-keratin, probably 
consisting of AB, cables with D, ropes (three «-helixes 
coiled about one another) in the interstices. This 
structure accounts in a striking way for the char- 
acteristic features of the X-ray photographs. 

The proposed structure of «-keratin involves three 
kinds of «-helixes, which presumably differ in amino- 
acid composition. We propose to examine these 
materials by fractionation. It is interesting that 
Goddard and Michzlis have reported that wool put 
into solution by reduction with thioglycollic acid or 
other reducing agent and treated with iodoacetic acid 
to form a carboxymethyl derivative can be converted 
into fractions with different chemical composition by 
We suggest that 


Comparison of observed and valculated equatorial intensities on X-ray photographs of 
At the top there is a sketch of the observed intensity of reflexion by hair and 
The decrease in intensity with increase in angle is more rapid than indicated. At 
the bottom, there is given the calculated form factor for the AB, cable, and in the centre 
square of this form factor, which may be compared with the observed intensity curve 


and actin obtained by the frac- 
tionation are approximately in 
the predicted ratio 7: 2, and, as 
predicted, the 5-2-A. meridional 
X-ray reflexion is observed for 
actomyosin and myosin but not 
for actin. 

We are indebted to Prof. W. T. 
Astbury, Dr. I. MacArthur, Mr. 
F. H. C. Crick, and other workers 
in the field of the structure of proteins for having dis- 
cussed with us the question of the structure of 
a-keratin, and especially for having emphasized the 
necessity for refinement of our suggestions. The 
detailed description of compound «a-helixes and 
aggregates of them, and discussion of fibrous proteins 
which they compose, will be presented in later papers, 
to be published -in the Proceedings of the National 
Academy of Sciences of the United States of America. 
This investigation was supported in part by a research 
grant from the National Institutes of Health, Public 
Health Service, and by a contract (Nonr-220(05)) 
with the Office of Naval Research. [Oct. 14. 
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THE RICCI CALCULUS 
By Pror. H. S. RUSE 


University of Leeds 


REGORIO RICCI-CURBASTRO, inventor of 
the tensor calculus, was born at Lugo, in Italy, 
on January 12, 1853. 

The absolute differential calculus, as he himself 
called it, gained little attention until Einstein used 
it for the formulation of general relativity, even 
though it had reached a mature form by 1895, after 
some ten years of growth. It was so little thought 
of, indeed, that in 1901 Ricci was denied the Italian 
Royal Prize in mathematics on the ground that the 
calculus was “‘useful but not essential for the treat- 
ment of some mathematical questions’. Neverthe- 


less he himself retained a belief in its value, and in 
that had the sympathy and support of a young 
colleague at the University of Padua, Tullio Levi- 
Civitéa. The work captured the interest, too, of a 
young American, Luther Pfahler Eisenhart, who 
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heard of it from Levi-Civité during a visit to Padua 
in 1905, and from 1909 onwards used it in post- 
graduate courses on differential geometry at Princeton 
University. In 1912 Einstein’s attention was directed 
to it by his colleague, Marcel Grossmann, and the 
outcome was the relativistic theory of gravitation 
published in 1916. Ricci was thereupon elected to a 
full fellowship of the National Academy of the 
Lincei, the last honour he received being his election 
to the Pontifical Academy in the year of his death, 
1925. 

For some fifteen years following 1916, the tensor 
caleulus occupied a central place in mathematical 
research. Levi-Civité’s definition of infinitesimal 
parallelism in 1917 led to wide developments in 
differential geometry, these being coupled initially 
with the search for a satisfactory unified theory of 
gravitation and electromagnetism. At the same time 
the calculus was seen to apply to a number of classical 
physical theories, and notably to electromagnetism 
(as noted by Einstein and Grossmann in 1913), 
dynamics and elasticity. In recent years it has also 
been applied to network problems in electrical 
engineering ; but this development has not gained 
universal acceptance among those interested. 

To-day, in 1953, some knowledge of tensor analysis 
forms part of the ordinary intellectual equipment of 
most mathematicians and physicists. An account 
of it is usually included in university undergraduate 
courses, and numerous introductory books are avail- 
able for those who want a working knowledge of it*. 
Most of these books contain chapters upon its 
physical applications, so the question may well be 
asked whether, for the physical sciences, the tensor 
calculus merely provides a convenient notation, or 
whether it is essential to them. 

There is no need to dally over the word ‘merely’, 
since @ good notation is a thing of value in itself. 
General tensor analysis (as apart from the theory of 
Cartesian tensors, which is little more than an 
alternative to ordinary vector and dyadic analysis) 
certainly provides the best means at present available 
for dealing with covariance and contravariance 
and with absolute differentiation, concepts implicit 
in traditional physical theories and explicit in 
relativity. 

In ordinary three-dimensional vector analysis, no 
distinction is made between the covariant and contra- 
variant components of a vector. The distinction 
arises, however, the moment one abandons a rect- 
angular frame of reference in favour of an oblique 
frame, since a second oblique system, the axes of 
which are respectively perpendicular to the co- 
ordinate planes of th “rst, immediately claims 
attention. If units of length are suitably chosen, the 
two systems are said to be dual or reciprocal to one 
another, and the components of a given vector with 
respect to the two frames are respectively called 
contravariant and covariant. This generalizes to 
spaces of any number of dimensions and assumes a 
special importance in relation to curvilinear co- 
ordinate systems in flat or curved spaces, the mesh- 
system at each point providing a local frame of 
reference which is, in general, non-rectangular. 


* Books published since the end of the Second World War include : 
Taylor, J. H., “Vector Analysis with Introduction to Tensor Analysis’’ 
(Prentice Hall, New York, 1947); Michal, A. D., ““Matrix and Tensor 
Calculus with Applications to Mechanics, Elasticity and Aeronautics’’ 
(Chapman and Hall, 1947); Synge, J. L., and Schild, A., ““Tensor 
Calculus” (University of Toronto Press, 1949) ; , H., “Vector and 
Tensor Analysis’ (McGraw-Hill, 1954); Sokolnikoff, I. S., ‘Tensor 
Analysis: Theory and Applications’ (Wiley, New York, 1951); and 
Schouten, J. A., “Tensor Analysis for Physicists’? (Oxford, 1951). 


. 
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The concept of absolute differentiation likewise 
arises naturally and unavoidably. Like a matlie- 
matical M. Jourdain, one may in fact find oneself 
differentiating absolutely without knowing it. For 
example, the absolute time-derivative of the radial- 
and-angular-velocity vector (7, 6) in plane kinemat ics 
is not (#, 6), but is (* — ré2, 6 + 276/r), the extra 
terms arising because the radial and transverse 
directions, which at each point provide a local frarne 
of reference, change as one goes from the point 
(r, 0) to the point (r + ¢r, 6+ °0). This example is 
a special one not only because it is concerned with a 
particular co-ordinate system in a particular space (a 
Euclidean plane), but also because the local frames 
are rectangular, the radial and transverse directions 
at any point being orthogonal. The intrinsic nature 
of absolute differentiation shows itself even more 
forcibly in connexion with general curvilinear co 
ordinate systems, whether in Euclidean or in some 
more general space. The value of a calculus that 
deals simply and simultaneously with covariance, 
contravariance and absolute differentiation, in spaces 
of any number of dimensions, flat or curved, scarcely 
needs further demonstration. It is to be observed, 
too, that the relativistic principle of covariance, 
namely, that the general laws of physics can be 
expressed in a form which is independent of the 
co-ordinate system, has @ meaning only in so far as 
there exists a way of expressing them in such a form. 
The Ricci caleulus provides a means of doing so. 
Local frames are frequently used in relativity under 
the guise of local Galilean spaces of individual 
observers. 

For a short time in 1928, the tensor calculus 
seemed, after all, inadequate for the expression of al! 
general physical laws, since Dirac’s relativistic 
equations for the electron did not obey the ordinary 
tensor laws of transformation. This led to the 
definition of a new kind of tensor, a spin-tensor or 
‘spinor’, and to a significant development of the 
Ricci calculus, Dirac’s equations thereby being 
brought into the covariant fold. Some time later it 
was shown that certain combinations of Dirac’s 
equations, mathematically fully equivalent to the 
original set and expressible without the 
spinors, did, in fact, transform according to the 
ordinary tensor law. This result was of no physical 
significance; but it did show, once again, the 
adequacy of the ordinary tensor calculus for the 
framing of physical laws. 

A distinctive feature of the tensor notation is the 
conciseness lent to it by its use of indices. A rather 
more elaborate system than Ricci’s own has been 
developed by J. A. Schouten, its chief merit being a 
systematization both of notation and of terminology. 
A third style, originated by Elie Cartan, cuts the use 


of indices to a minimum, and, through his calculus of 


forms, often dispenses with them altogether. Cartan’s 
notation has proved of greatest value in such purely 
mathematical theories as his own generalized geo 
metries, the theory of groups and generalized potential 
theory (harmonic forms and harmonic integrals). 
The present tendency is in favour of the greatest 
possible simplicity of notation, and index-manipula- 
tion is certainly no longer regarded as a suitable 
full-time occupation fcr mathematicians. But the 
tensor calculus is fully established as one of the 
main instruments of modern mathematics, and gives 
to its inventor a permanent place in the history 
of the subject. The verdict of 1901 no longer 
stands. 
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OBITUARIES 
Sir Frederick Keeble, C.B.E., F.R.S. 


I’ REDERICK WILLIAM KEEBLE, who died on October 
19. was a biologist of great versatility who in his 
time was academic botanist, Civil servant, horti- 
culturist with a flair for garden design, agricultural 
adviser to industry and, last but not least, a man 
who was a witty talker and one with marked literary 
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vifis. 
’ Keeble was born on March 2, 1870, and educated 
at Alleyn’s School, Dulwich, and Caius College, Cam- 
bridge. After taking a degree in botany, he was 
appointed Frank Smart Student of the University of 
Cambridge, and spent a year in Ceylon on plant- 
physiological research, On his return to England, he 
became for two years assistant lecturer in botany at 
Owens College, Manchester. He was then appointed 
professor of botany at University College, Reading, 
where he stayed until, in 1914, he was made director 
of the Wisley Gardens of the Royal Horticultural 
Society. On the outbreak of war in the year of this 
appointment, Keeble was drawn away to war-work 
it the Board of Agriculture, where he became con- 
troller of horticulture in the Food Production Depart- 
ment. He did not, however, sever his connexion with 
Wisley until he became, in 1919, an assistant- 
secretary to the Board. While in this position, he 
did a great service to horticultural research, for it 
was with his support and encouragement that the 
constitution was drafted which, in 1919, gave East 
Malling Research Station its position as a separate 
independent institute. 

He was soon, however, to resume academic work, 
for in 1920 he was appointed Sherardian professor of 
botany at Oxford. He held the chair for seven years ; 
but after this there came a new phase in his career, 
for he was invited by Lord Melchett to become 
adviser in agriculture to Imperial Chemical Indus- 
tries, Ltd. There his main concern was with the use 
of fertilizers, and under his direction the Company’s 
experimental and research station at Jealott’s Hill, 
near Bracknell, was developed. He resigned from 
his position with Imperial Chemical Industries in 
1932. 

The literary charm with which Keeble could 
invest a scientific subject was first brought home to 
his biological colleagues in a little book, published 
early in his career, entitled ‘“‘Plant Animals’’, in 
which he described the behaviour of the curious 
animal, Convoluta roscoffensis, a heliotropic, chloro- 
plast-bearing flat-worm inhabiting sandy tide-pools 
on the coast of Brittany. The same literary grace 
was also shown in the autobiographical ‘‘Polly and 
Freddie’, which he published in 1936, and also in 
his articles in the Gardeners’ Chronicle— a journal he 
edited during 1908-19. In addition to scientific 
memoirs, published mostly in the Proceedings of the 
toyal Society, he was the author of a number of 
other books—‘‘Practical Plant Physiology”’, ‘‘Life of 
Plants” and ‘‘Fertilisers and Food Production’’. 

Keeble was elected a Fellow of the Royal Society 
in 1913 and was knighted in 1922. He married in 
1898 Matilde Maréchal, who died suddenly in 1915, 
leaving a daughter. In 1920 he married Lillah 
McCarthy, and while at Oxford they lived at Hamels, 
on Boars Hill. This was a place of great attraction, 
for the house was an old oak tithe-barn from Here- 
fordshire adapted as a residence, and the garden, 
laid out by Keeble, one of great beauty. 
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Keeble had a quick mind and was a fluent speaker 
who could adorn his subject with wit and felicitous 
phrasing. Though on occasions he barbed his wit 
with sarcasm, he was essentially warm-hearted, as 
his friends knew well. For some modern scientific 
trends, such as mechanism, he had little sympathy. 
At a dinner held in his honour not long ago, he chose 
as the subject of his after-dinner speech the thesis, 
“The future of biology lies with the naturalist”. 

VY. H. BLrackMan 


Mr. J. A. Howe, O.B.E. 


Joun ALLEN HOWE was born on October 27, 1869, 
and died in his eighty-fourth year on December 11, 
leaving a@ widow and one son. He will be remem- 
bered by some of the older generation as the genial 
custodian of the old Museum of Practical Geology, 
28 Jermyn Street, Piccadilly, London. This some- 
what gloomy edifice, opened by the Prince Consort 
in 1851, was built not only to house the Geological 
Survey and its collections but also as a teaching 
and research establishment, particularly for natural 
history, chemistry, mining and metallurgy. These 
classes ultimately grew into the Royal School of 
Mines and the Royal College of Science, which were 
later transferred to South Kensington, where they 
are now parts of Imperial College. They were fol- 
lowed there by their parent when the new Museum 
of Practical Geology in Exhibition Road was opened 
in 1935 to mark the centenary of the Geological 
Survey. 

Howe, previously an assistant in the geological 
department of the Royal College of Science, joined 
the Geological Survey in April 1901. He served at first 
on the field-staff in Cheshire and in the London area, 
but in September 1902 was chosen to succeed Rudler 
as curator of the Museum. His early work was 
concerned with clays, roadstones and building stones ; 
he maintained his interest in these materials almost 
te the last and was often consulted about them. 

He was made assistant director of the Geological 
Survey, in charge of England and Wales, in October 
1920, and continued in that post until his retirement 
in July 1931. The esteem in which he was held was 
marked by the award of the O.B.E. for his services 
to the Ministry of Munitions during the First World 
War, by the Bolitho Medal of the Royal Geological 
Society of Cornwall and by the presidency of the 
Institute of Mining and Metallurgy ; he also served 
on the Council of the Geological Society of London. 

Howe was a good companion, who will be missed, 
alas, by an ever-narrowing circle of friends and 
acquaintances. T. Eastwoop 


Mr. L. O. Newton 


Mr. L. O. Newton, who was honorary secretary 
of the Institution of Chemical Engineers for seven 
years, died on October 2 at the age of seventy. He 
was educated at Tiffins Boys School, Kingston-on- 
Thames, King’s College (University of London) and 
the Sir John Cass Technical Institute. He served an 
apprenticeship with the Locomotive Co. of America 
and in 1902 became assistant works manager to the 
Locomotive Co. of Great Britain, Ltd. In 1907 he 
joined Lassen and Hjort, water purification engineers, 
and in 1912 became manager of Sofnol, Ltd., Green- 
wich, and from 1921 until his death was managing 
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director. He was also retained as consulting chemical 
engineer to United Water Softeners, Ltd., London. 

Mr. Newton had extensive experience in the 
manufacture of calcium hydrate, soda lime, etc. He 
practised as a consultant on industrial and domestic 
water supply and purification, trade wastes, air and 
flue gas purification and analysis. 

Apart from his numerous scientific interests, Mr. 
Newton was also a member of Gray’s Inn and brought 
to his position as honorary secretary of the Institution 
of Chemical Engineers invaluable help in all legal 
matters. He will be remembered by members of the 
Institution as a kindly and generous gentleman who 
did not stint himself in their service and who is sadly 
missed by all. 
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He is survived by his son, Mr. K. O. Newton; hi 
widow, Mrs. V. Newton, only survived him by a fev 
days. 


WE regret to announce the following deaths 


Prof. Johan Béhm, director of the Researcl 
Institute for Organic Synthesis in Pardubice an 
associate member of the Czechoslovakian Academ) 
of Sciences, on November 27. aged fifty-seven. 

Mr. W. T. Gibson, O.B.E., chief valve engineer o/ 
Standard Telephones and Cakles, Ltd., and manage: 
of their Ilminster laboratories and factory, on 
December 27, aged fifty-three. 


NEWS and VIEWS 


New Year Honours List 


THE list of New Year Honours conferred by H.M. 
the Queen contains the following names of scientific 
men and others associated with scientific work : 

Baron: Lord Eustace Percy, rector of the New- 
castle Division of the University of Durham during 
1937-52 ; 

O.M.: Prof. W. G. Penfield, professor of neurology 
and neuro-surgery, McGill University ; 

G.B.E.: Lord Brabazon of Tara, for services to 
civil aviation ; 

K.B.E.: Sir Patrick Laird, secretary, Department 
of Agriculture for Scotland ; 

Knights : Dr. Harold Roxbee Cox, chief scientist, 
Ministry of Fuel and Power ; Dr. Arthur W. M. Ellis, 
consulting physician, London Hospital, and emeritus 
professor of medicine, University of Oxford ; Prof. 
William G. Holford, professor of town planning, 
University College, London ; Prof. Harold Jeffreys, 
Plumian professor of astronomy and natural philo- 
sophy, University of Cambridge; Dr. Peter Mac- 
Callum, a member of the Medical Board, State of 
Victoria, and formerly dean of the Faculty of 
Medicine, University of Melbourne; Dr. James F. 
Mountford, vice-chancellor, University of Liverpool ; 
Dr. Arthur Landsborough Thomson, second secretary, 
Medical Research Council ; 

C.B.: J. Buckingham, director of research pro- 
grammes and planning, Royal Naval Scientific 
Service, Admiralty ; Dr. W. H. Glanville, director of 
the Road Research Laboratory (Department of 
Scientific and Industrial Research) ; Dr. R. Spence, 
chief chemist, Atomic Energy Research Establish- 
ment, Harwell (Ministry of Supply) ; 

C.M.G.: T. Hytten, vice-chancellor, University of 
Tasmania; R. C. Wakefield, director of surveys, 
Sudan Government ; 

C.B.E.: W. Cawood, deputy director, Royal Air- 
craft Establishment (Ministry of Supply); Prof. 
M. V. C. Jeffreys, professor of education, University 
of Birmingham; Dr. D. N. McArthur, director, 
Macaulay Institute for Soil Research, Aberdeen ; 
Prof. A. Macbeath, professor of logic and metaphysics, 
Queen’s University, Belfast ; Prof. R. A. McCance, 
director of the Department of Experimental Medicine, 
Medical Research Council and University of Cam- 
bridge; J. Macdonald, director of research and 
education, Forestry Commission ; G. S. Peren, 


principal of the Massey Agricultural College, New 
Zealand ; H. J. Poole, chief superintendent, Arma- 


ments Research Establishment (Ministry of Supply) ; 
J. A. Smale, engineer-in-chief, Cable and Wireless, 
Ltd. ; A. Turnbull, vice-chairman of the governors, 
Royal Technical College, Glasgow; C. J. Turner, 
chief engineer, Division of Atomic Energy (Produc- 
tion), Risley (Ministry of Supply); L. C. Tyte, 
deputy chief scientific officer, Fort Halstead (Ministry 
of Supply). 


Sir Hans Sloane, Bart. (1660-1753) 

Str Hans SLoane, who died two hundred years 
ago, on January 11, 1753, is a striking example of a 
man upon whom the highest scientifie honours were 
bestowed but who made no solid contributions to 
scientific knowledge. He was born at Killyleagh, 
County Down, Ireland, on April 16, 1660, and at the 
age of sixteen developed symptoms of pulmonary 
tuberculosis, so that for more than seventy-five years 
he had to lead a temperate life. He studied botany and 
medicine in London, Paris and Montpellier, obtained 
the M.D. of the University of Orange in 1683, and 
on his return to London lived with Thomas Sydenham, 
the ‘English Hippocrates’, who taught him practical 
medicine. At twenty-five he was elected to the Royal 
Society, and in 1687 a Fellow of the Royal College 
of Physicians. That same year he went to the West 
Indies as physician to the Duke of Albemarle, 
governor of Jamaica, but returned within eighteen 
months, after the duke’s death, bringing back eight 
hundred different species of plants, of which he 
published a catalogue in Latin. He soon became a 
fashionable doctor in Bloomsbury Square, served as 
physician to three successive sovereigns—Queen Anne, 
George I and George II—and was the first medical 
practitioner to receive a hereditary title in 1716. He 
was president of the Royal College of Physicians 
during 1719-35. He introduced Peruvian bark into 
British medicine and popularized inoculation against 
smallpox. His association with the Royal Society 
was long and distinguished. In 1693 he was appointed 
secretary and revived the publication of the Philo- 
sophical Transactions, and in 1727 he succeeded Sir 
Isaac Newton as president, holding office for fourteen 
years. His best-known work, ‘‘A Voyage to the 
Islands of Madera, etc.’’ (1707) was responsible for 
his election to the Paris Academy of Sciences. Sir 
Hans Sloane is remembered in history as a great 
collector, whose books, manuscripts and curiosities 
went to form the collection which was opened to the 
public in 1759 as the British Museum. In 1712 he 
purchased the manor of Chelsea, and to this day his 
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memory is kept green by Sloane Square, Sloane 
Street and Hans Place. In 1721 he founded for the 
Society of Apothecaries the botanic garden at Chelsea. 
He retired from practice in 1741, and died twelve years 
later at the advanced age of ninety-three. 


American Association for the Advancement of 
Science: Prize Awards ~ 
THe Newcomb Cleveland Prize of the American 

Association has been awarded to Dr. Andrew M. 

Gleason, assistant professor, Department of Mathe- 

matics, Harvard University, for his paper on ‘‘Natural 

Co-ordinate Systems”. This is the twenty-fifth 

award of this Prize, which is worth 1,000 dollars, and 

is made at the annual meeting of the Association for 

a paper presented as part of the meeting which 

represents an outstanding contribution to science. 

A prize of 1,000 dollars for an essay on theoretical 
sociology, provided by a donor who wishes to remain 
anonymous, was offered by the American Association 
for the first time in 1951; none of the entries was 
considered adequate, and no award was made. The 
prize was offered again for 1952, for essays reporting 
upon inquiry into the theory of social processes and 
group behaviour, and has been awarded to Dr. 
Arnold M. Rose, Department of Sociology, University 
of Minnesota, for his paper on ‘“The Theory of Social 
Organization and Disorganization’’. There were some 
sixty entries. Dr. Rose, who is thirty-two, was 
associate professor of sociology in Washington 
University, St. Louis, during 1947-49, and is now 
associate professor of sociology in the University of 
Minnesota ; he held a Fulbright Fellowship in France 
during 1951. A series of papers submitted by Stuart C. 
Dodd, director of the Washington Public Opinion 
Laboratory, University of Washington, was given 
honourable mention. 


Oceanographical Exhibition in London 

Aw exhibition entitled ‘Exploring the Sea”’, which 
has been organized by the Royal Geographical 
Society and the National Institute of Oceanography, 
with the co-operation of the Hydrographic Depart- 
ment of the Admiralty, the Institute of Navigation 
and the British Museum (Natural History), was 
pened on January 3 at the Royal Geographical 
Society, Kensington Gore, London, S8.W.7; _ the 
exhibition will remain open to the general public, 
admission free,-until January 31 (10 a.m.—6 p.m., 
Sundays excepted). The object of the exhibition is 
to show how recent scientific developments have very 
much inereased our knowledge of the underwater 
world, and the display has been arranged in three 
sections corresponding to work in the three principal 
fields of oceanographical exploration: ‘‘Exploring 
the Sea Bed’, “‘Life in the Sea’’ and ‘“‘The Moving 
Ocean’’. In the first section are included an instru- 
ment for recording sea temperatures photographically, 
a deep core, and the equipment for refraction shooting ; 
a deep-sea echo sounder on show is arranged to 
measure variations of depth in a tank of water. In 
the section on life in the sea there are many specimens 
of plankton, a new plankton recorder, and different 
types of water bottles for taking samples and the 
temperature of water at depth. In the third section 
the effect of wind on waves is shown in a model ; 
other exhibits include a working wave-recorder and 
instruments which record erosion and the graduation 
and profile of beaches, and current meters and tide 
recorders, which show how direct measurements of 
water movements are taken. 
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Polymer Science : Seminar in University College, 
London 


E1cuT lectures were given at a seminar on “Polymer 
Science”, held in the Chemistry Department of 
University College, London, during October 24- 
December 5, 1952, and they can be classified under 
three headings : mechanism of formation of polymer ; 
methods of establishing homogeneity, size and shape 
of polymer; and properties and reactions of macro- 
molecules. In the first section, Dr. C. H. Bamford 
dealt with the general background of polymerization 
kinetics and with a study of some co-polymerizations 
from which it follows that the reactivity of a growing 
polymer is not solely determined by the terminal 
grouping. Factors were also discussed which influence 
the course of polymerizations under conditions such 
that polymer precipitation occurs. In the second 
section, Dr. R. A. Kekwick and Dr. P. Johnson 
reviewed theories and experimental details of the 
ultracentrifuge, electrophoresis and light-scattering 
measurements. Methods of determining the shape of 
macromolecules, particularly proteins, were indicated 
by Dr. A. Elliott and Dr. C. Robinson, who discussed 
results obtained with the help of polarized infra-red 
radiation and a new type of space-filling molecular 
models. The models are useful for demonstrating 
stiffness or flexibility of macromolecules. In the third 
section, on the properties and reactions of macro- 
molecules, Dr. L. R. G. Treloar lectured on statistical 
thermodynamics of polymer—liquid interaction. 
Difficulties were pointed out which prevent the 
straightforward extension of the Flory—Huggins 
treatment to such systems as water and polar fibrous 
materials. Furthermore, the influence of external 
stress on equilibrium swelling was discussed. G. 
Stainsby, M. L. R. Harkness and Dr. A. Wassermann 
described the properties and reactions of ash-free 
gelatin and actomyosin. Prof. M. Stacey dealt with 
chemical and immunological properties of degraded 
dextran. Methods for breaking down these macro- 
molecules and for fractionating the resultant products 
were also outlined. Each of the eight lectures was 
followed by a discussion, which was facilitated 
by making available, in advance, short abstracts 
indicating not only the main topic, but also 
the general background and important literature 
references. 


Application of Science in the Textile Industries 


THE inaugural lecture “Science in Industry”’ which 
Sir Ben Lockspeiser delivered in the new premises 
of the Textile Institute, Manchester, on October 24, 
emphasized that the application of science to industry 
is the primary means of providing the power of 
adaptation to new conditions on which the economic 
survival of Great Britain depends. After illustrating 
this by reference to the part science has played in the 
introduction and application of the new man-made 
fibres and their effect on the older fibres, Sir Ben 
turned to the importance of the small firm in the 
effective application of science to industry. A recent 
survey in a small town engaged mainly in the light 
industries showed that only one-third of the firms 
had anyone with a special responsibility for advising 
on scientific and technical problems, and only half of 
these advisers had any technical qualifications. Sir 
Ben believed that a survey being conducted in the 
Manchester area would show that it is rare for 
textile firms employing five hundred people or less to 
employ a science or engineering graduate: only in 
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the few firms with a thousand or more employees 
are scientific workers to be found in reasonable 
strength. 

Sir Ben pointed out that the research associations 
in Britain are largely intended to help these smaller 
firms, and he went on to emphasize the wealth of 
opportunity in the exercise of craftsmanship to be 
found in this machine age if only it is recognized 
that the secret of craftsmanship lies in finer and finer 
control of the machine and in the apt choice of 
materials that goes with the knowledge of their 
properties. ‘lhe extent to which exploitation is 
made of the vast field offered to the scientific worker 
and craftsman in fabrics manufactured from natural 
and mixed fabrics largely depends on the size and 
status of the textile industry. Success will depend 
on the knowledge of the materials being used, the 
appropriateness of machinery that is possessed for 
their utilization, and the instrumental aid which can 
be provided to enable the man at the machine to 
satisfy his creative instinct for craftsmanship. Such 
considerations, Sir Ben thought, are particularly 
important in industries that have grown from hand- 
craft. He also suggested that the time spent on 
discovering the principles on which manufacture in 
the textile industry rests provides the surest basis 
for the solution of future problems, and creates the 
intellectual climate which promotes discovery and the 
growth of new ideas. It is in the utilization of results 
coming from the research associations that the 
Textile Institute is specially important, and on its 
members rests a large share of the responsibility for 
seeing that methods now available for the more 
economical use of materials and for quality control 
in mills and factories are used. 


Seed Health in Flax 


Pror. A. E. Muskerrt, of the Faculty of Agri- 
culture, Queen’s University, Belfast, read a paper 
before Section K (Botany) of the British Association 
at its meeting in Belfast, in which he reviewed 
developments in the treatment of flax against seed- 
borne disease. A considerable number of such 
troubles include those caused by the fungi Polyspora 
lint, Colletotrichum linicola, Botrytis cinerea, Fusarium 
lint and Phoma sp. Seed-borne diseases of flax 
brought very considerable losses of yield during the 
First World War. The later discovery of organo- 
mercurial dusts did not solve the problem on flax 
as it did for cereals. ‘Short-wet’ methods were 
used, but eventually tetramethylthiuram disulphide 
(‘Nomersan’) was found to be the most effective 
seed-dressing. Prof. Muskett, however, went a stage 
further, and, using his ‘Ulster’ plating method, made 
a wide survey of the natural health of seed produced 
in various regions. This intensive work has now 
been continued for ten years, and shows that seed 
from the southern and eastern parts of Britain has 
little seed-borne disease. Larger yields of seed are, 
moreover, usually obtained in these drier and warmer 
areas. This simple but effective finding has been 
fully justified in practice, and the seed used in 
Northern Ireland is now all obtained from the south 
and east of England. The only disease fungus which 
is seed-borne to any extent from these areas is 
Botrytis cinerea, and that is dealt with by routine 
seed treatment. It is obviously much better to start 
with naturally clean seed than to treat diseased 
samples, and the results of this object lesson 
might well be applied to other crops and in other 
areas. 
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Microbial Genetics at the University of Glasgow 


THE Nuffield Foundation has made a grant {of 
£6,000 over three years for the expansion of research 
in the Department of Genetics, University of Glasgow. 
The grant will be used mainly for fellowships. It wil! 
make it possible to increase the research team 
working under Dr. G. Pontecorvo in microbia 
genetics. ‘The approach followed in the past fev 
years in the Department has been mainly that oi 
making use of the resolving power of genetic analysi 
in order to get some insight into the details of bio 
chemical organization of the cell. It is hoped tha 
a strengthening of the team especially on the bio 
physical side may lead to useful advances. 


Canadian National Research Council Scholarships 


THE National Research Council of Canada intends 
to award about two hundred postgraduate scholai 
ships which will be available without. restriction ot 
nationality for study in the fields of science and 
engineering during the year 1953-54. The majority 
of the awards will be tenable at Canadian universities 
and are divided into bursaries, studentships and 
fellowships worth, respectively, 600, 900 and 1,200 
dollars each; they may be increased by an extra 
500 dollars for the summer months. Bursaries are 
for graduates who have no previous research experi- 
ence, studentships for those with at least one year of 
research, and fellowships for those in their last year 
of work for a Ph.D. About twenty of the awards 
will be tenable outside Canada and are divided into 
special scholarships for those who either have com- 
pleted or are completing their work for a master’s 
degree, and postdoctorate overseas fellowships for 
specialized training; the former are worth 1,500 
dollars and the latter 2,500 dollars for twelve months. 
Applications should be made before February 1 to 
the Awards Officer, National Research Council, 
Ottawa 2. 


Announcements 

THE Institution of Mechanical Engineers has 
awarded its James Watt International Medal for 
1953 to Sir Harry Ricardo, for his contributions to 
knowledge of the fundamental principles of internal 
combustion engines and the application of these 
principles to design and development. This Medal, 
which is in gold and is the highest honour that the 
Institution can bestow, is awarded every two years, 
and for it the Institution has the co-operation of 
the principal engineering institutions and societies in 
all parts of the world as nominating authorities. 

THE Council of the Royal Society has awarded 
two Mackinnon research studentships to the fol- 
lowing: R. C. Jennison, of the University of Man- 
chester, for work on radio astronomy at the Jodrell 
Bank Experimental Station ; and Dr. F. K. Duxbury, 
of King’s College, Newcastle upon Tyne (University 
of Durham), for work on organic chemistry at the 
University of Liverpool. 

THE American Association of Spectrographers is 
planning a symposium on “Emission Spectroscopic 
Determination of Metals in Non-Metallic Samples’, 
to be held in Chicago on May 1. Papers in the fields 
of petroleum, geology, agriculture, pharmacy, biology, 
ceramics, etc., are invited. All inquiries should be 
directed to. the chairman of the symposium com- 
mittee, J. P. Pagliassotti, c/o Standard Oil Company 
(Indiana), Box 431, Whiting, Ind. 
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SOIL FERTILITY AND CROP PRODUCTION 
MEETING IN DUBLIN 


JOINT meeting of Commissions 2 (Soil Chem- 
A istry) and 4 (Soil Fertility and Plant Nutrition) 
of the International Society of Soil Science was held 
in Dublin during July 21-31, 1952, under the auspices 
of the Irish Department of Agriculture, with Prof. F. 
Steenbjerg (Royal Veterinary and Agricultural College, 
Copenhagen) as chairman. The meeting was the out- 
come of a resolution passed at the Fourth International 
Congress of Soil Science, held in Amsterdam in 1950, 
when it was agreed that a need existed for a meeting 
to discuss as fully and critically as possible present tech- 
niques for the evaluation of soil fertility in relation 
to improved crop production. This was taken as the 
basis for the Joint Commission meeting, and some 148 
soil scientists attended, representing universities, 
agricultural colleges, research institutes and govern- 
ment departments in many countries. The Vatican, 
the United Nations Food and Agriculture Organiza- 
tion, the Organization for European Economic 
Co-operation and the Mutual Security Agency sent 
observers. 

Indoor sessions were held in University College, 
Dublin, during July 21-26, and were followed by a 
tour to places of agricultural and scientific interest 
in the south and west of Ireland during July 27-31. 
More than a hundred delegates joined in this tour. 
At the end of the meeting tributes were paid by 
various speakers to the Irish Department of Agri- 
culture, for the success which attended the various 
sessions was in no small measure due to the fine 


work which the Department had done on the organ- 


ization side of the meeting. 

An introductory paper on the evaluation of soil 
fertility was read by Dr. E. M. Crowther (deputy 
director, Rothamsted Experimental Station). In his 
paper, which summarized: many important aspects of 
the investigations on soil fertility, Dr. Crowther 
pointed out that the approach to soil fertility problems 
requires integration of several lines of investigation 
generally undertaken by separate groups of specialists. 
He listed these as the study of chemical, physical and 
microbiological characteristics of soil and of the 
physiology and biochemistry of plants; the char- 
acterization of soil and climatic conditions; the 
examination and improvement of farming systems ; 
and the production and application of increasing 
quantities of better and cheaper fertilizers and liming 
materials. Dr. Crowther also stressed, as a priority 
need, the proper grading of laboratory tests for 
nutrients by praper field experiments. 

The detailed work of the meeting was then divided 
between three sections. Section A dealt with labora- 
tory techniques for assessing the nutrient status and 
nutrient-supplying potential of soils. This Section 
was divided into six different sessions. Section B 
dealt with plant and field techniques used in, and 
applicable to, the evaluation of soil fertility and was 
divided into two sessions. Section C, which dealt 
with correlation and general inquiry, was divided 
into three sessions. In all, eleven sessions were held. 
Each session was opened by a major review paper 
and two supporting papers dealing with important 
aspects of the subject-matter of the session. These 
papers were available in printed form in Vol. 1 of the 
‘Transactions of the meeting, and, consequently, it 


was possible to dispense to a very considerable extent 
with formal reading of papers and to devote the 
maximum amount of time to discussion. While in 
some instances discussion was along the lines of 
prepared papers, in the great majority of cases it was 
of a spontaneous nature. This procedure proved most 
successful, and the meeting was characterized by very 
lively and valuable debates. More than fifty additional 
papers and a summary of the discussions will be pub- 
lished shortly in Vol. 2 of the Transactions. 

In Session 1, on organic matter and nitrogen, which 
was under the chairmanship of Prof. H. J. Page (lately 
principal of the Imperial College of Tropical Agri- 
culture, Trinidad), the major review paper was given 
by Dr. H. H. Lees (University of Aberdeen), who 
paid particular attention. to the importance of 
assessing the activity of carbon and nitrogen in soils 
in relation to fertility studies. In the supporting 
paper, Dr. G. Drouineau (Antibes Research Station) 
summarized researches on nitrogen in the south-east 
of France, and in anovher supporting paper Dr. J. 
Tinsley (University of Reading) reviewed the methods 
for estimating the organic matter status of soils. 
Many valuable contributions were made to the dis- 
cussion, and it is obvious that there has been a 
considerable reawakening of interest in this sphere 
of study. 

A considerable amount of work has been pro- 
ceeding or methods aimed at assessing the phos- 
phorus status of soils, but the fact that much still 
remains to be done in this field was made especially 
obvious during Session 2, which dealt with phos- 
phates, and was presided over by Prof. J. A. Prescott 
(director of the Waite Agricultural Research Institute, 
Australia). The major review paper, on evaluating 
the phosphorus status of soils, was given by Dr. E. G. 
Williams (Macaulay Institute, Aberdeen), particular 
attention being paid during this paper to modern 
concepts of fixation processes. Dr. Williams stressed 
the need for an adequate programme of field experi- 
ments in evaluating the phosphorus status of soils. 
In a supporting paper Dr. L. A. Dean (Bureau of 
Plant Industry, Soils and Agricultural Engineering, 
United States Department of Agriculture, Beltsville) 
dealt with the use of radioactive phosphorus in evalu- 
ating soil fertility, and described in particular the 
usefulness of the ‘A’ value method as an index of the 
phosphorus fertility of soils. Other aspects of the use 
of phosphorus-32 in the study of soil phosphorus 
behaviour were dealt with by Dr. G. Barbier (Station 
Centrale d’Agronomie, Versailles), and a considerable 
amount of the discussion which followed centred 
around the use of this technique. 

Session 3, with Prof. T. Wallace (director of the 
Long Ashton Research Station, Bristol) as chairman, 
was devoted to a consideration of various aspects of 
the potash status of soils. A review paper on the 
availability of native and fixed non-exchangeable soil 
potassium was read by Dr. R. F. Reitemeier (Bureau 
of Plant Industry, Soils and Agricultural Engineering, 
Beltsville), in which various extracting techniques 
were appraised and the role of non-exchangeable 
potassium discussed. The role of clay minerals in 
potash fixation was dealt with by Dr. S. Henin 
(director of research, Laboratoire des Sols, Versailles), 
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and Dr. F. Alten (Hanover) discussed some funda- 
mental aspects of the potassium nutrition of plants. 

The recurring problems associated with the 
determination of lime requirements in the soil were 
fully discussed in Session 4, under the chairmanship 
of Dr. P. Bruin (acting director-in-chief, Agricultural 
Experimental Station and Institute for Soil Research, 
Groningen). This subject was introduced by Prof. S. 
Tovborg Jensen (Royal Veterinary and Agricultural 
College, Copenhagen), who examined important 
aspects, both practical and theoretical, of the determ- 
ination of the lime requirement of soils, illustrating his 
remarks with the results of classical Danish experi- 
ments in this sphere. In a paper on a biological 
approach to soil acidity, Dr. E. J. Hewitt (Long 
Ashton) indicated the various factors associated with 
the soil acidity complex, and Dr. G. E. Smith 
(University of Missouri), in presenting a paper by 
Drs. Albrecht and Smith on soil acidity as calcium 
(fertility) deficiency, gave the basis of an approach 
which is gradually gaining considerable strength 
where the proper liming of soils is concerned. Though 
the work of this session indicated that a number of 
questions of outstanding practical importance still 
remain to be resolved in this sphere, it was clear that 
many of the seemingly conflicting ideas on lime 
requirement problems can easily be reconciled in 
terms of soil-type characteristics and plant require- 
ments. 

Session 5 (chairman, Dr. Henin) was a lengthy one 
and was devoted to consideration of methods for 
determining the magnesium and minor-element 
status of soils. The major review paper was read by 
Mr. W. Morley Davies (Ministry of Agriculture and 
Fisheries, Great Britain), and Dr. F. C. Gerretsen 
(Groningen) and Dr. E. B. Davies (Soil Research Sta- 
tion, Rukuhia, New Zealand) contributed supporting 
papers. These papers showed that much still remains 
to be done in the field of analysis of trace elements in 
soils, but considerable progress was reported by many 
of the delegates present. In this connexion the New 
Zealand approach, as outlined by Dr. Davies, where 
work on trace elements has been closely related to 
soil type, provides a very fine example of what the 
proper integration of research in this field can 
accomplish. 

With Dr. R. K. Schofield (Rothamsted Experi- 
mental Station) presiding, Session 6, which was on 
the subjects of base exchange, nutrient balance and 
interactions, was notable for the attention which it 
focused on the importance of ion activity in evaluating 
soil fertility. This matter was fully discussed in the 
review paper by Dr. A. C. Schuffelen (Wageningen), 
and a paper on various aspects of the release and 
absorption of nutrients was presented by Prof. 
Wiklander (Royal Agricultural College, Uppsala). 
Prof. M. M. Elgabaly (Alexandria), in a supporting 
paper, discussed various aspects of nutrient element 
balance, pointing out the distinction which must be 
made between nutrient balance effects as determined 
in culture solution and soils. From discussions which 
followed, it was apparent that, with the development 
of new analytical techniques and a more thorough 
understanding of physico-chemical reactions, con- 
siderable advances in this field may be expected. 

Session 7, presided over by Dr. Crowther, dealt 
with field experiments and pot culture techniques. 
Dr. F. Van der Paauw (Groningen), in a major review 
paper, outlined the methods in use for evaluating the 
nutrient status of soils by field experiments. This 
theme was further elaborated by Dr. H. L. Richardson 
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(Central Agricultural Control, Imperial Chemical 
Industries, Ltd.), who illustrated his discussion by 
results from an elaborate series of field experiments 
directed by him in China. The resulting discussions 
were particularly valuable. Dr. J. W. 8S. Reith 
(Macaulay Institute) directed attention to th 
necessity for basing the evaluation of soil testing 
methods on further field experiments carried out 01 
soils belonging to well-defined series. Pot cultur: 
techniques in evaluating soil fertility were dealt wit! 
by Prof. E. von Boguslawski (Germany), and : 
discussion on this subject attracted considerabl: 
attention. : 

In present-day work the diagnosis of soil fertility 
through plant diagnostic methods has come to play 
@ very important part. This approach was fully 
discussed in Session 8 under the chairmanship of 
Prof. Steenbjerg. Prof. Wallace, who has been 
responsible for much of the work in this sphere, out 
lined in @ major review paper the various methods 
used, and pointed out the necessity for a thorough 
understanding of soil characteristics for proper 
application of these methods. Dr. W. A. Roach 
(East Malling Research Station) discussed the various 
factors coming into play in the diagnosis of mineral 
deficiency by plant analysis and plant injection. The 
discussion which followed showed clearly the extent 
to which reliance is now being placed on this line of 
approach in many countries. In concluding this 
session, Prof. Steenbjerg directed attention to the 
importance of discriminating between extreme 
physiological disorders as determined in sand and 
water cultures and those mainly of a threshold nature 
which are observed under field conditions. 

The extent to which soil test data can be used to 
evaluate soil fertility needs on a broad basis was 
discussed in Session 9, Prof. H. Kuron (Germany) 
being in the chair. The major review paper in this 
session was presented by Dr. W. L. Nelson (North 
Carolina State College), who dealt with soil test 
summaries and their usefulness to various workers 
engaged in the agricultural research and extension 
services. The supporting paper in this session was 
contributed by Dr. H. Riehm (Augustenberg, Ger- 
many), who discussed the value of the results of 
several million soil tests which had been carried out 
in Germany. Another aspect of survey work was 
discussed by Dr. L. de Leenheer (Ghent), who dealt 
with the determination of productivity ratings for 
different soil types. This is an aspect of the investi- 
gation of soil fertility which is attracting considerable 
attention and which must play an increasingly 
important part if soil survey is to be of increased 
value to agricultural technology. 

Session 10 was devoted mainly to the consideration 
of methods used in soils advisory services in various 
European countries and presented the first systematic 
attempt to bring together an account of the tech- 
niques used. Dr. Nelson presided over this session. 


which was opened by a paper from Dr. K. A. Bondorff 


(Lyngby, Denmark) on the evaluation of soil analysis. 
Papers were presented describing the methods used 
in almost all European countries, and these, when 
finally published, should prove a valuable reference 
for workers in this field. 

Session 11 was devoted to a discussion on general 
correlation, with Dr. P. H. Gallagher (University Col- 
lege, Dublin) as chairman. Dr. Bruin, in this session, 
outlined the development of soil fertility research in 
the Netherlands, being supported by a paper from 
Prof. Steenbjerg on general questions affecting the 
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verification of chemical soil and plant anwlyses. These 
payers paid particular attention to yield curves and 
to various factors influencing the shape of such 
curves. The final supporting paper in this session 
was given by Prof. Prescott, who stressed the neces- 
sity for basing the solution of soil fertility problems 
on @ full understanding of climatic and geochemical 
factors. In this connexion it would seem that the 
total analysis of soils may be considerably more 
important, especially where trace elements are con- 
cerned, than they are generally acknowledged to be. 

The meeting was brought to a close in @ session 
presided over by Prof. Steenbjerg, when certain 
proposals concerning international collaboration in 
the sphere of soil fertility were considered. 

During the meeting a short tour took place in the 
adjoining counties of Kildare and Meath, where 
delegates inspected field experimental work, typical 
County Meath pasture land and peat bogs used for 
electricity generation. The tour, following on the 
indoor sessions, was designed to include experi- 
mental work relevant to the subject-matter of 
the discussions during the meeting, together with 
experimental work on liming problems, soil type 
characteristics in relation to phosphate and potash 
utilization, and trace element relationships, especially 
in connexion with livestock nutritional problems. 
During the tour an opportunity was provided of 
seeing some of the major soil series on which the 
agriculture of the country is based. A visit to an 
area in County Limerick where selenium toxicity is 
an important factor in livestock nutrition was of 
special interest. Visits to the Albert Agricultural 
College, Glasnevin, and Johnstown Castle Agri- 
cultural College were included ; at the latter a day 
was spent examining the field experiments and the 
laboratories where routine soil testing is carried cut 
on a considerable scale. An opportunity was aiso 
provided of seeing land reclamation and drainage 
units of the Department of Agriculture in operation. 

T. WaLsH 
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THE BRITISH COUNCIL 


REPORT FOR THE YEAR 1951-52 


HE eighteenth report* of the British Council, 

covering the year ended March 31, 1952, again 
records @ reduction in grants from United Kingdom 
funds, which: for 1951-52 stood at £2,750,000, one- 
third being for work in the British Commonwealth, 
as compared with one-fifth four years ago. Of the 
Commonwealth expenditure, £365,000 came from the 
Commonwealth Relations Office and £523,000 related 
to the Colonies; of that sum, £80,000 from the 
Colonial Development and Welfare Fund was towards 
the welfare of overseas students in the United 
Kingdom. One section of the report gives a clear 
account of this important work among overseas 
students, of whom there are now more than five 
thousand from Colonial territories, as many more from 
India, Pakistan and Ceylon, and almost an equal 
number from other countries. For all such students 
the Council provides a programme designed to help 
them in their leisure time to meet people in Britain, 
to study the country’s ways of life and modes of 
thought, and to help them to understand what has 


* Re on the Work of the British Council for the Year ended 
31st March, 1952, Pp. 104. 


(London: British Council. 1952.) 
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made and makes the British the people that they 
are. The London centre at 3, Hanover Street has a 
membership of more than eighteen hundred students 
representing a hundred and four countries, with an 
average daily attendance of two hundred and three 
hundred and fifty at the week-ends. The London 
hostels managed by the Council now accommodate 
two hundred and twenty men and thirty-five women 
out of more than two thousand five hundred Colonial 
students in London. Temporary residents at the 
Hans Crescent residence totalled nearly nine hundred 
in 1951, and permanent accommodation was found 
during the year for 1,071 overseas students, including 
900 from the Colonies ; for students outside London, 
the figures were 1,604 and 771, respectively. Accom- 
modation in private lodgings was found for 538 over- 
seas students in London and for 1,084 outside London. 
Some 2,600 students were met on arrival, and 5,504 
attended Council centres. 

The grants for work relating to foreign countries 

were reduced by 16-4 per cent to £1,862,000, and a 
further 9-0 per cent reduction in the estimates for 
1952-53 brings the total reduction in five years to 
42 per cent, the devaluation of sterling and rising 
prices abroad making the effective reduction in terms 
of work considerably higher. The Colonial Office 
Vote represents a reduction of 16-4 per cent since 
1947-48, and the Commonwealth Relations Office 
Vote a reduction of 12-6 per cent on the peak 
year 1950-51. Together the reductions for 1951-53 
have involved a diminution of 26 per cent in estab- 
lished posts, making 43 per cent since 1946~47. 
Expenditure in Latin America has been reduced by 
41 per cent by closing the Council’s own offices and 
reducing supply services. Except in Yugoslavia and 
in Germany, work in Europe has been substantially 
reduced, with the closure of all French provincial 
services and of the institutes at Turin, Venice, 
Valencia and Bilbao. The work in Egypt has been 
substantially reduced, and offices closed in Mel- 
bourne and Canberra as well as the institute at 
Aden, and three offices and centres in the United 
Kingdom have been similarly cut down. All supply 
services have been drastically reduced, notably 
expenditure on publications, lectures, books, period- 
icals and scholarships; about one-third of this 
expenditure is concerned with the sciences, including 
medicine and agriculture. 
», Work in the Middle East during the year has on 
the whole been encouraging. Although most of the 
twenty thousand volumes in the library in Cairo were 
lost by fire during the January riots, new premises 
for the British Institute and the Council’s offices have 
been found, and reference is made to the part which 
the Council is playing in technical assistance through- 
out the Middle East, notably by bringing young men 
from the Middle East to the United Kingdom under 
its bursaries scheme or by giving assistance to the 
governments of those countries in placing their own 
nominees for training. Technical visits to Britain 
are also arranged for senior officers and specialists 
for short periods of study ; and the Council’s advice 
and help have been sought in recruiting British 
technicians to supervise training. 

The present report includes a section dealing with 
the libraries of the Council, which now contain nearly 
nine hundred thousand volumes and are claimed to 
be the most far-flung network in the world. The 
Council’s libraries in foreign countries are essentially 
special libraries, in which a high place is given to 
works on the English language and its teaching and 
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to English literature of all periods, but which are 
also strong on subjects that fall into the framework 
of British civilization and institutions. In science, 
medicine and technology the tendency is to con- 
centrate wholly op those aspects in which the British 
contribution has special significance for the country 
concerned. Expenditure on the purchase of books 
has fallen from £81,000 in 1947-48 to less than 
£20,000 in 1951-52, and of the latter sum only 
£1,500 was for books presented to other libraries 
(virtually all in the Colonial territories) compared 
with £19,000 in 1947-48, of which more than a half 
was for foreign countries. The scope of the Council’s 
library activities in the Colonies has been restricted 
since 1948, but the report comments on the difficulty 
of keeping libraries supplied with new books on a 
budget a quarter of its size five years ago and with 
prices rising steeply: gaps left by years of scarcity 
are for the most part unfilled. Statistics for the stock, 
issues and membership of the Council’s libraries are 
appended to the report. There are some remarkable 
variations in the ratio of book stock to monthly 
issues. Rio de Janeiro and Cairo, each with approx- 
imately 21,000 volumes, have monthly issues of 165 
and 1,600, respectively. Ibadan and Zagreb iss: 
1,275 and 1,118 volumes monthly out of a stock 
3,000, while Barcelona issues 4,207 volumes monthly 
out of 10,000, Bandung (Indonesia) 2,124 out of a 
stock of 6,000, and Madras 1,709 out of 3,800. Only 
44 out of Nairobi’s 1,500 volumes, and 60 out of 
Blantyre’s 1,200 volumes are issued monthly ; there 
would seem to be room for some inquiry as to whether 
all the libraries are worth maintaining and whether 
the resources of others should be extended. 


NEW ZEALAND DEPARTMENT OF 
SCIENTIFIC AND INDUSTRIAL 
RESEARCH 


REPORT FOR THE YEAR 1951—52 


HE twenty-sixth annual report* of the Depart- 

ment of Scientific and Industrial Research, New 
Zealand, covers the year ended March 31, 1952, 
during which no expansion of activities was possible 
and those of many branches were curtailed in con- 
sequence of a restriction in the financial vote. Net 
expenditure for the year was £1,036,581, and, while 
the recruitment of scientific staff was exceptionally 
low, losses of experienced staff were high, although 
partly offset by the return from overseas of men who 
had completed advanced studies in various fields. 
The total staff on March 31, 1952, was 1,012, including 
402 professional and 354 technical workers. Achieve- 
ments of the year stressed in the secretary’s report 
include the completion of geological surveys of the 
four main coalfields ; very extensive coal-measures 
found in the Kaitangata field are of special interest. 
Surveys in North Auckland have indicated the rock 
formations associated with good and bad prospects 
for securing water supplies for farm purposes, while 
geological and geophysical investigations have located 
a hot area at Wairakei sufficiently promising for the 
inauguration of a development prograrhnme to prove 
the existence of a steam potential capable of gener- 


. Twenty-sixth Annual Report of the Department of 
Pp. 84. (Wellington: Govt. 


* New Zealand 
Scientific and Industrial Research. 
Printer, 1952.) 18. 9d. 
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ating 20,000 kW. Chemical investigations indicat 
that the steam has a low content of gas and is fre: 
from corrosive properties. An efficient geotherm: 
graph has been designed and constructed to measur: 
temperatures at depth in bores. 

Research on spontaneous combustion in wow! 
cargoes indicates that the fires are confined to woo! 
removed from skins by a bacterial process. Thes 
often contain a high percentage of body fat, an! 
this potential source of danger can at present only b: 
overcome by a very thorough scouring of the woo!. 
The solution of this problem would save thou 
ands of pounds annually. Following the discover, 


of the causal agents of the yellow-leaf disease of 


Phormium, it has now been found that the insex 
vector may be killed in all its stages by flooding area 
growing New Zealand flax to a depth of two t 
three feet for fourteen days. Yellow-leaf disease ha 
halved the production of flax fibre since 1938, anc 
this advance promises to save almost the whol: 
industry. 

The nutritional value of the branched-chain acid 
discovered earlier in butter-fat is now being investi 
gated, and accurate information on the changes in 
butter-fat composition that occur during the season 
has been obtained for the first time. A system for the 
certification of plant hormone sprays, based on the 
experimental work of the past few years, has now 
been established and is regarded as of considerable 
economic importance both in protecting growers from 
losses incurred in misapplication and in assisting 
manufacturers in production. Broad correlations 
revealed between soil types and tree-growth char 
acteristics in soil surveys of the Kaingaroa Plains 
are expected to assist the State Forest Service in its 
development of the timber resources of this area as 
well as timber production, management and utiliza 
tion elsewhere. The efficiency of boric acid in con- 
trolling Ambeodentus, the New Zealand wood-boring 
insect second in importance to Anobium, was proved 
during the year, and New Zealand timbers used for 
building and furniture can now be proofed against 
the three prevalent boring insects by treatment with 
boric acid. 

In the tobacco industry use of methyl bromide as 
a soil sterilizer in seedling beds appears likely to 
supplant to a large extent the present costly and 
cumbersome steam sterilization operation. Striking 
results have been obtained in reducing the growth of 
laterals when tobacco plants have been topped by 
spraying the upper leaves with certain chemicals such 
as maleic hydrazide and mineral oil. Both discoveries 
promise considerable savings to the tobacco industry, 
while a new sample survey method of collecting 
agricultural and pastoral statistics designed by the 
Applied Mathematics Laboratory is expected to 
reduce markedly the costs incurred by the Census 
and Statistics Department in collecting this informa- 
tion. Investigations in the Dominion Physical 
Laboratory of a number of enclosed domestic stoves 
burning solid New Zealand fuels have shown that 
efficiencies of 45 to more than 70 per cent can be 
obtained, with proper design and control, compared 
with 10-15 per cent with the ordinary open-hearth 
fire. Since the cost installed does not exceed that of 
the ordinary chimney and grate, considerable savings 
should be possible in the use of coal for domestic 
heating. Radioactive cobalt and iridium have been 
used in the X-ray examination of welded metals and 


castings and in testing steel conduits for hydro- | 


electrical installations. Further work by the Leather 
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and Shoe Research Association on the modification 
of New Zealand fish liver oils for the production of 
chamois leather has yielded a process for utilizing 
vegetable oils in oil-tanning which, besides producing 


stronger leather, enables white washable gloving 
leather to be obtained without bleaching. Bark from 
Pinus radiata has been proved to be a possible source 
of tannin, and the detrimental effect of high tem- 
peratures upon pickled pelts in storage and transport 
has been demonstrated. The investigations by the 
Pottery and Ceramics Research Association indicate 
that for ceramic manufacture deposits of ball clays 
from Canterbury, Otago and Southland are equal in 
quality to any such deposits found elsewhere in the 
world. 


OCEANOGRAPHY IN THE 
UNITED STATES 


N 1927 the United States National Academy of 
Sciences appointed a Committee to consider the 

share of the United States in a world-wide programme 
of oceanographical research. Much of the Committee’s 
report was published in book form under the title 
“Oceanography : Its Scope, Problems and Economic 
Importance”, by Henry B. Bigelow (1931). One of 
the major outcomes of the decisions of that Com- 
mittee was the building and endowment of the 
Oceanographic Institution at Woods Hole, and 
there was a general all-round increase in marine 
research. 

In 1949 a second Committee on Oceanography was 
established by the National Academy. The reason 
for the setting up of this second body was not lack 
of interest in oceanography. Owing to the recognition 
of the practical applications of oceanography during 
the Second World War, marine research had, in fact, 
flourished ; but it was chiefly government sponsored. 
As a result of inflation and the heavy cost of main- 
tenance of modern research ships and equipment, 
private endowments were entirely inadequate, and 
research could only continue at its present scale with 
heavy government support. The Committee con- 
sidered that “the healthy growth of oceanography 
has been hampered by the uncertainty as to how 
long this support may be available, and by other 
restrictions’. It was to report on this situation that 
the Committee was appointed. Its report, entitled 
“Oceanography 1951’’, is now published*. 

As in the previous report, the relations of the 
science to biology, geology and meteorology, and 
certain recent notable advances, are surveyed. The 
advance in physical oeeanography has been very 
striking. That this is so is largely due to the War, 
which has resulted in the provision of ‘‘a nucleus of 
80 to 100 physical oceanographers in this country, 
compared with perhaps half a dozen prior to 1930. 

- More than half of the funds being expended for 
oceanographic investigations at the present time 
come from the Department of Defence’’. 

The sea is a source of food, and it is necessary to 
ensure that research is also directed towards increasing 
the yield from the sea fisheries, as well as gaining 
knowledge useful in war. The annual yield of the 

* National Academy of Sciences—National Research Council. Pub- 
lication 20.8: Oceanography 1951; a Report on the Present Status 
of the Science of the Sea by the Committee on Ocean raphy of the 


National Academy of Sciences. Pp. vii+36. (Washington, D.C. : 
National Academy of Sciences—National Research Council, 1952.) 
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world’s fisheries is quoted as twenty million tons, 
giving only one-fiftieth of the total protein con- 
sumption, yet half the world’s population has a diet 
seriously deficient in protein. The Committee con- 
siders that “‘Heretofore most fishery research pro- 
grammes were attempted on too small a scale. This 
was due to: lack of appreciation of the complexity 
and magnitude of fishery problems, so that insufficient 
funds were assigned to many projects’. Recently, 
however, there have been large-scale attacks on 
certain problems, such as the causes of the dis- 
appearance of the Californian sardine; the poten- 
tialities of the pelagic fisheries of the central 
North Pacific; and the movements of the Gulf 
Stream. 

But the Committee considers that oceanography is 
not developing in a well-balanced manner and that 
there is almost no financial support for general marine 
biology. It thinks that inadequate attention is being 
paid to many challenging problems which do not have 
military significance and do aot bear on specific 
fisheries ; and it feels that, in order to ensure more 
freedom of research into such basic problems, greater 
private financial support is needed. At the same time, 
government support on a liberal and far-sighted basis 
should be continued, to provide the large-scale 
co-ordinated effort which the size and complexity of 
oceanic phenomena demand. Through the United 
Nations and President Truman’s Point Four Pro- 
gramme, the United States should also encourage the 
development of oceanography in other countries, and 
especially in the southern hemisphere and western 
Pacific. The Committee recommends the securing of 
private funds for the provision of research fellowships 
at existing oceanographic institutions; for facilities 
for visiting investigators ; for the provision of more 
permanent posts ; and to supply increased funds for 
operating ships and for basic research in biology and 
chemistry. 

The present total income of institutions in the 
United States carrying out oceanographical research 
is about 2,300,000 dollars, four-fifths of which is 
supplied by the government. It is recommended 
that the additional funds from private sources should 
be between 500,000 and 750,000 dollars. This would 
bring the total annual expenditure on oceanographical 
research into the region of one million pounds sterling 
by those laboratories other than the Federal and 
State organizations. F. S. Russet 


PRESERVATION OF THE LAKE 
DISTRICT 


HE Report and News Letter for August of the 
Friends of the Lake District* records a dis- 
couraging year, and refers particularly to the absence 
of a Joint Planning Board except in name for the 
Lake District National Park and to the hobbling of 
that authority by the failure to appoint a planning 
officer for the Park. The practical consequences of 
this position are concisely and clearly indicated, as 
well as the requirements for the effective functioning 
of any joint board. Local matters on which the 
Report and News Letter comment are the assurance 
received from the superintendent of the Eskmeals 
military range that the proposed night firing is, in 
* Friends of the Take District. Report and News Letter, August. 
Pp. 20. (14 Princes Street, Ulverston, 1952.) 
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fact, abnormal, and the decision given by the Minister 
of Fuel and Power in favour of the Electricity 
Board’s proposal to serve farms in Martindale by 
overhead lines. 

In Langdale no change is reported in the Electricity 
Board’s policy of withdrawing the scheme on grounds 
of economy; but reference is again made to the 
improvement of the Hardknott from a mountain 
trackway with a loose rough surface into a motoring 
road in spite of the clear and unequivocal assurance 
to the contrary given in November 1946 by the 
chairman of the Highways Committee of the Cumber- 
land County Council. Attention is also again directed 
to the general difficulty that arises because the virtual 
control of road-widths and traffic policy is in the 
hands not of the new Planning Board or even the 
local highway authorities, but of the Licensing 
Authority, a body which is detached from any 
interest in the preservation of the countryside. The 
intricate work of completing the footpath survey 
and official statutory map is likely to continue for 
another two years at least, but the review of 
open country in the area has been completed in the 
counties of Cumberland and Westmorland and in the 
National Park as a whole. 

The Friends of the Lake District have been con- 
cerned in @ preliminary review of the needs and 
possibilities of new footpaths on the shore of Lake 
Windermere, and representations have been made 
regarding the minimum flow in the Dash Beck water 
scheme for the rural district of Wigton as well as the 
construction of any necessary buildings. Together 
with the Council for the Preservation of Rural 
England, the Friends of the Lake District have made 
representations regarding the Forestry Commission’s 
proposal to plant Low Holme Park exclusively with 
conifers and its effect on the footpath between 
Eskdale and Nether Wasdale. 


NEUROSECRETORY PATHWAYS 
IN THE HEAD OF CRUSTACEANS, 
INSECTS AND VERTEBRATES 


By Pror.BERTIL HANSTROM 


Zoological Institute, University of Lund 


TUTINSKY? and B. Scharrer** have recently 

proved that the chrome-hzematoxylin-phloxin of 
Gomori selectively stains the neurosecretory path- 
ways in several of the Pterygota in identically the 
same way as it stains the neurosecretory tractus 
supraoptico-hypophyseus in vertebrates (Bargmann’, 
Hanstrém‘). Thus, to the formerly known detailed 
similarities between the corpus cardiacum -— allatum 
system in insects and the hypophysis in vertebrates— 
similarities which were originally pointed out by me 
in 1941 7—the fact has been added that the neuro- 
secretory tracts, which in insects connect the pars 
intercerebralis of the brain with the corpus cardiacum 
and in vertebrates the nucleus supraopticus (and the 
nucleus paraventricularis) of the diencephalon with 
the neurohypophysis, both react positively and 
selectively with the Gomori stain. I think it worth 
while also to consider whether the neurosecretory 
substance in insects—as seems to be the case in 
vertebrates (Bargmann and E. Scharrer*)—is con- 
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nected with the production of a hormone regulating 
water-balance. 

In 1940* I described in some of the Apterygota two 
groups of cells on the surface of the protocerebrum 
which lie within a separate connective tissue sheath, 
only connected with the brain through a smal! 


aperture in their capsule. On account of their 
position, these groups of cells ought to be the homo 
logue of the lateral frontal organs in crustaceans and 
the X-organs of these arthropods, which in 1934 
were described by me as neurosecretory structures 
and which are transformed frontal organs. In the 
Apterygota these groups of cells give rise to @ pair 
of nerves which take a characteristic course through 
the brain and can be traced outside it into the 
corpora cardiaca. In addition, I found that the cells 
in Petrobius maritimus contained secretory droplets 
which could be traced for a considerable distance 
along the axons. In higher insects these groups of 
cells (“‘the medial neurosecretory cells”), which give 
rise to the same nerve, are situated within the 
ordinary brain capsule, but otherwise show the same 
relations. Thus the lateral frontal organs, which in 
several lower crustaceans are located in the hypo- 
dermis and completely independent of the brain 
(though connected to it by a nerve), in other 
crustaceans are transformed into the X-organs, which 
adhere to the brain, and in the Apterygota into the 
groups of neurosecretory cells on the surface of the 
protocerebrum. In the Pterygota, finally, they have 
been thoroughly retraced into the brain as the 
medial neurosecretory cells of the pars intercerebralis, 
which cells, according to E. Thomsen? (cf. M. Thom- 
sen''), must be regarded as the over-all controlling 
centre of the endocrine system in insects. 

For comparative neurological reasons, I first 
assumed that a synapse may be present in the nervous 
pathway between the groups of neurosecretory cells 
and the corpora cardiaca in the Apterygota, though 
I did not try to verify this assumption by using 
special nerve-staining methods. Owing to the con- 
siderable physiological importance of the medial 
neurosecretory cells, which has been proved by a 
number of recent investigators for the Pterygota, I 
have now applied the chrome—hematoxylin—phloxin 
method of Gomori to several series of sections through 
the head of Lepisma saccharina and one series of 
Petrobius maritimus with the following result, which 
mainly deals with the former species. 

Within the whole brain, nothing but the medial 
neurosecretory cell groups, their axons, and their 
endings within the corpora cardiaca have stained 
deep blue or blue-black with the hematoxylin. The 
plasm of the cells themselves contains conspicuous 
small droplets or irregularly formed larger colloid 
masses of the secretory product, and small droplets 
are also found along the greater part of the axons. 
The axons are very delicate, and since the number 
of neurosecretory cells is very small, the axons cannot 
be clearly observed without an oil-immersion lens. 
With the aid of an oil-immersion objective, however, 
the thin bundle of axons could be seen standing out 
very sharply, stained blue-black against the phloxin- 
red of ordinary nervous tissue from the entry of the 
nerves at the surface of the brain all the way into 
the corpora cardiaca. Thus, there were no signs of 
any synapse in the neurosecretory pathway, either in 
Lepisma or in Petrobius ; further, no such structure 
has been mentioned in the Pterygota by Stutinsky* 
or by B. Scharrer*. At the entrance of the secretory 
fibres into the corpora cardiaca of Lepiema, they 
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become thicker and are equipped with smaller 
or larger—often relatively considerable—enlarge- 
ments, which stain as blue-black as the axons and 
droplets within the cell bodies. The special cells of 
the corpora cardiaca, on the contrary, do not show 
any hematoxylin reaction at all. This seems to be 
another parallel to the relations in the hypophysis, 
in which only the neurosecretory nerve endings from 
the hypothalamus in the neural lobe and no other 
colloid in this or the glandular lobe is truly 
Gomori-positive (Hanstrém‘). 

In this connexion it is interesting to note that 
Passano* and Bliss'* seem to have detected at last a 
function for the X-organ in crustaceans. According 
to these authors, it is actually the celis of the X-organ 
which secrete the moult-inhibiting hormone and trans- 
port it through their axons into the sinus gland, 
described by me in 1931, in which structure it is accum- 
ulated, and then released into circulation in the adjoin- 
ing blood sinus. As regards the nature of the secretory 
mechanism, the X-organ plus the sinus gland can 
thus be compared with the hypothalamo-hypophyseal 
system in vertebrates, and the pars intercerebralis— 
corpus cardiacum system in insects. This latter 
interpretation further supports the parallels between 
the X-organ and the medial neurosecretory cells. In 
addition to the common origin from the lateral 
frontal organs, there is a similar neurosecretory 
function: the secretory product is not directly 
released into the circulation but is transported to a 
place of storage, the sinus gland in crustaceans and 
the corpus cardiacum in insects. 

It should, however, be pointed out that the parallel 
between the X-organ — sinus gland system in crusta- 
ceans, the pars intercerebralis — corpus cardiacum - 
allatum system in insects and the complete hypo- 
thalamo — hypophyseal system in vertebrates is less 
perfect than the mutual comparison between the 
latter two systems, as shown by me and by the 
Scharrers in earlier papers. Thus, in crustaceans, 
only the first two links of the chain are present, the 
X-organ and the sinus gland (comparable, respect- 
ively, to the medial neurosecretory cells and the 
corpus cardiacum in insects, and the neurosecretory 
nuclei of the hypothalamus and the neural lobe of 
the hypophysis in vertebrates), while the third link 
is missing, being represented by the corpus allatum 
and the glandular lobe (adenohypophysis), respect- 
ively, in the other two animal groups. Exceedingly 
interesting and suggesting a similar structure is 
the light blue colour which distinguishes not only the 
neurosecretory cells of the pars intercerebralis of the 
insect brain, the cells of the X-organ (and the sinus 
gland) in crustaceans, and, at least in some instances, 
the neurosecretory cells of the hypothalamus in 
vertebrates. 

Though the medial neurosecretory cells in the 
Apterygota are placed on the surface of, not within, 
the brain, they show the same specific staining 
reaction and the same relations to the corpora 
cardiaca as in the Pterygota. In accordance with 
B. Scharrer*, I conclude that the neurosecretory 
substance is produced by these groups of cells and 
transported along their axons into the corpora 
cardiaca, from which it can easily be released into 
the cireulation because these glands adhere to the 
aorta. 

It may finally be added that an investigation of 
the function of the endocrine system of the head of 
apterygotous insects, such as Lepisma and Petrobius, 
might yield interesting results. The position of the 
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medial neurosecretory cells outside the brain should 
facilitate extirpation and transplantation experi- 
ments, and the particularly simple structure of the 
incretory system (in which the corpora allata are 
missing; Hanstrém®, Cazal**) and the simpler 
development of these primitive insects, examined in 
relation to hormonal factors, may be able to throw 
new light on the regulation of the more complicated 
development of their higher relatives. 
[Aug. 22. 
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THE LIGAMENT IN THE 
LAMELLIBRANCHIA 


By G. OWEN, E. R. TRUEMAN and 
Pror. C. M. YONGE, F.R.S. 


Departments of Zoology, University of Glasgow and 
University College, Hull 


HE ligament in the Lamellibranchia should be 

considered in relation to the different layers of 
the shell, of which it is an integral part, and so in 
terms of the areas responsible for the secretion of 
these layers. As is well known, the shell consists of 
a superficial periostracum and underlying outer and 
inner calcareous layers. These three layers have 
different origins. The periostracum is secreted as @ 
thin sheet within a groove between the outer and 
middle lobes of the mantle edge, while the outer 
calcareous layers are produced by the outer lobe of 
the mantle margin and the inner calcareous layers by 
the general surface of the mantle. Thus growth of 
the periostracum and of the outer calcareous layers 
is by increment from the periphery of the mantle, 
while the inner calcareous layers normally continue 
to increase in thickness throughout life. 

The Lamellibranchia were probably derived from 
ancestors having a simple dome-like shell with a 
single centre of calcification’. In the course of 
evolution the mantle became greatly extended and 
laterally compressed. This must have been accom- 
panied by the partial division of the mantle into 
lateral lobes each possessing a centre of calcification. 
These two pallial lobes remained connected mid- 
dorsally by a neck of tissue, the shell in this area 
being left largely uncalcified? and constituting the 
ligament. Thus the shell in the Lamellibranchia 
consists of two valves with a dorsal connecting 
ligament. 

It is proposed to describe the connecting neck of 
tissue between the two lobes of the mantle mid- 
dorsally as the ‘mantle isthmus’. This represents the 
original mid-dorsal surface of the mantle. This 
region has frequently been described as the pallial 
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The periostracum (P) covers all regions § (ly 
of the shell although it is often worn § Here 
away, especially over the ligament, the § istic 
inner and ‘outer’ layers (IZ, OL) of which peric 
are derived from the same origins as the ante’ 
inner and outer calcareous layers (JV, in W 
OV) of the valves. This is revealed by are 
a comparison of the growth lines (GL) indi 
of the inner and ‘outer’ layers of the give! 
ligament with the corresponding layers ligar 
of the valves. The lines of growth of Fi 
the inner calcareous layers of the latter can 
run parallel to the outer epithelium of This 
the mantle and are continued into the = 
on 


Fig. 1. 

in (A) and (B) 
GL, growth lines ; 
secreting ‘outer’ layer of the ligament; MI, mantle isthmus ; 


groove ; V, valve 


In A the extent of the periostracum is indicated by light stippling, the ‘outer’ layer 
by more dense stippling, and the inner layer by parallel lines 


suture, conveying the erroneous suggestion that it 
represents the fusion of two originally separate pallial 
lobes. It is also proposed that the term ‘ligament’ 
should be used to include all structures linking the 
two valves dorsally. The structure and formation of 
the ligament can now be considered. 

Like the rest of the mantle, the two ends of the 
isthmus are bounded by the mantle edge. This 
possesses here, as elsewhere, the capacity to secrete 
both periostracum and outer shell layers. Similarly, 
the epithelium of the isthmus retains the capacity to 
secrete inner shell layers. Thus the ligament primarily 
consists of a superficial periostracum and an ‘outer’ 
and an inner layer. These two layers, unlike those 
composing the rest of the shell, are largely uncalcified?. 
The results of the activities of these various zones of 
secretion are shown in Fig. 1. Fig. 1A represents a 
dorsal view, Fig. 1B a sagittal section, and Figs. 
1C—F transverse sections through appropriate regions 
of such a ligament. The periostracum (P) is formed 
marginally and therefore extends, unchanged, over 
the ligament from each end. Secretion of largely 


uncalcified' organic matter by the mantle edge (ME) 
in the depth of the embayments at the anterior and 
posterior ends of the isthmus (MJ) results in the 
production of the ‘outer’ layer (OL) extending beneath 


the periostracum. The epithelium of the isthmus 
secretes the bulky inner layer (IL) of the ligament. 
Growth results in the extension of all three layers. 
Thus, although the sections represented in Figs. 
1C—F are shown as having been taken from different 
regions of the same specimen, they could be inter- 
preted equally well as having been taken, at a con- 
stant distance from the umbones, from different 
specimens at various stages of growth. Fig. 1C would 
then represent the youngest growth stage and Fig. 1F 
the oldest growth stage. 

Fig. 2 represents a section through the margin of 
a valve. A comparison of this diagram with Fig. 1B 
reveals the identity of fundamental structure between 
valves and ligament (together constituting the shell). 


Diagrams of primary ligament : (A), viewed dorsally ; (B), in sagittal 
section ; (C-F), in transverse section, the positions being indicated by lines c-f 


IL, inner layer of ligament ; MZ, outer lobe of mantle edge 
1 O, outer lobe 
of mantle edge ; OL, ‘outer’ layer of ligament ; P, periostracum ; PG, periostracal 


outer calcareous layers to intersect the 
outer surface of the valve. The lines 
of growth of the inner and ‘outer’ layers 
of the ligament follow a similar pattern 
(Fig. 1B). They also run nearly paralle! 
to the surface of the isthmus (M1) 
before continuing into the ‘outer’ layer 
to intersect its outer surface. Referring 
to the ligament, Mitchell* writes, “‘both 
layers appear to be of essentially the 
same composition ag the organic matrix 
of the shell (conchyolin)’. This is so 
because inner and outer layers of valves 
and of ligament represent local mod 
ification of the same two layers of the 
shell. 

It should be noted that in some genera additional! 
calcareous layers occur between the outer and inner 
layers of the valves, as in Tivela stultorum‘ and 
Tellina tenuis’. These additional layers are produced 
by “the less active part of the mantle edge” between 
“the extreme edge, where the growth is the most 
active’ and the inner calcareous layer of the 
valves‘. Weymouth‘ regards these intermediate 
calcareous layers as essentially extensions of the 
outer caleareous layers of the valves. 

The structure of the ligament outlined above 
represents with reasonable probability the primitive 
condition, restricted to the region of the mantle 
isthmus and consisting of the three layers: perio- 
stracum, ‘outer’ and inner layers. This may be 
termed the ‘primary ligament’. 

This ligament probably criginally extended from 
the anterior to the posterior adductor muscle, these 
being formed in the depth of the embayments by 
cross-fusion of the pallial muscles in these regions. 
Subsequent specialization has led to its reduction, 
and in this connexion conditions in the Lyonsiidz* 
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Fig. 2. Diagrammatic section through the edge of a valve 
IV, OV, inner and outer oa layers. Other lettering as 
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(Lyonsia, Entodesma, Mytilimeria) are of interest. 
Here the mantle isthmus is short and very character- 
istically formed ; but the valves are united by a thick 
periostracum Over the entire dorsal surface from the 
anterior to the posterior adductor. Such a condition, 
in which the inner and ‘outer’ layers of the ligament 
are reduced while the periostracum remains long, is 
indicated diagrammatically in Fig. 3. For reasons 
given below, the elongated periostracal layer in this 
ligament is more probably primitive than secondary. 

Following reduction in length, secondary extension 
can take place at either or both ends of the ligament. 
This is due to fusion of the mantle margins. Dis- 
cussing the formation of siphons, it was shown by 
Yonge’ that this may involve fusion (1) of the inner 
lobes only, for example, naked siphons of Tellinacea 
or Cardiacea ; (2) of these with the middle lobes and 
periostracal grooves (now regarded by him as prob- 
ably always associated), for example, siphons of 
Myide or Mactride, covered with periostracum ; 
(3) of the outer lobes also, for example, siphons of 
Cuspidaria, encased in shell. 

Fusion takes various forms, as will be discussed 
elsewhere by one of us (C. M. Y.). In the case of the 
periostracum, apparent fusion may result when the 
grooves are separated only by a low ridge repre- 
senting the completely fused middle mantle lobes 
(that is, a condition somewhat intermediate between 
those shown in Figs. 1C and D). The secretions may 
then actually unite before spreading laterally over 
the surfaces of the valves. The periostracum can 
thus increase in extent and thickness with the growth 
of the animal; for example, in Mya, the fused 
surfaces remaining attached to the mantle tissues 
which secreted them. They do not represent additions 
to the ligament, the condition described in the 
Lyonsiide (Fig. 3) being for that reason probably 
primitive. 

Fusion of the outer lobes of the mantle edge does, 
however, occur and causes secondary extension of 
the ligament. Such fusion (Figs. 4 and 5A, FO) has 
taken place, to greater or less extent, in many 
Lamellibranchia. It represents the coalescence of 
originally free mantle edges in very early post-larval 
life, after which all regions grow at relatively the 
same rate, with no further fusion of free surfaces. 
The result is the formation of a fourth layer in the 
ligament (described as layer “‘1A”’ and as “‘cover’’ by 
Trueman**), It represents material secreted by the 
united tissues (a true suture in this case) of the outer 
mantle lobes, as indicated in Figs. 4 and 5A and B. 
It is everywhere covered by periostracum (Fig. 5A), 
lying between this and the ‘outer’ layer in the region 
of the primary ligament (Fig. 5B). It is here proposed 
to call this the ‘fusion layer’ of the ligament (FL). 
It occurs without affecting the ‘outer’ or inner layers. 
It may be short or may extend for considerable 
distances beyond one or other end of the isthmus, 
usually posterior to this as in Cuspidaria’ or in 
Pinna (as will be described elsewhere). In both these 
genera it extends to the extreme posterior end of 
the shell. This fusion layer contains a high proportion 
of organic matter and is similar to the ‘outer’ layer, 
although thinner. It generally shows growth-lines 
nearly parallel with its under-surface, indicating slow 
secretion over the full length of the fused epithelia. 

In contrast to this secondary extension of the 
ligament is the reduction and possible final dis- 
appearance of the mantle isthmus, the two pallial 
lobes separating. This is what occurs in the Ades- 
macea, for example, in T'eredo and Zirphea, where 
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Fig. 3. Diagram of a ligament viewed dorsally, with a long 
(probably primitive) periostracal layer and relatively short ‘outer’ 
and inner layers. Lettering and shading as before 


Fig. 4. Diagram of a ligament secondarily elongated as a result 
of fusion of the outer lobes of the mantle edge 
FL, fusion layer ; FO, fused outer lobes of mantle edge. 
mediate stippling indicates the extent of the fusion layer. 
lettering and shading as before 
Fig. 5 (A, B). Transverse sections in areas indicated by lines a, b 
in Fig. 4. Lettering as before 


Inter- 
Other 


there is no mantle isthmus and so no ligament, the 
valves being united solely by way of the adductor 
and, to a less extent, the pedal muscles. 
Throughout the Lamellibranchia the ligament 
varies greatly in form. This is the result not only of 
the varying degrees of pallial fusion or separation 
but also of the growth pattern of the entire shell, the 
lines of growth of which radiate from nodes of zero 
or minimal growth represented by the umbones’®. 
The position of the isthmus relative to the umbones 
therefore determines the growth pattern of the 
ligament. Primitively, the mantle isthmus probably 
lay between the umbones, and the amphidetic 
ligament extended during growth equally in both 
directions (Fig. 1). The isthmus may, however, be 
anterior or, more usually (for example, in Tellina), 
posterior to the umbones, with the formation, 
respectively, of prosodetic or opisthodetic ligaments. 
In each group of Lamellibranchia the ligament is 
formed in a characteristic manner, being ‘internal’ or 
‘external’, elongated or condensed, and with the 
primary and _ secondary constituents variously 
developed. No general description will cover all 
cases. In this article the mode of origin of the various 
layers composing the ligament has been described 
and suitable nomenclature suggested. It is hoped 
that this may lead to a clearer understanding of the 
nature of the ligament generally, and also aid in the 
comparative description of the many and very varied 
forms it may assume in different bivalves. 
[Aug. 28. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Structure of Coenzyme A 

CHEMICAL! and enzymic® studies from these two 
laboratories suggested that coenzyme A is_ best 
represented by formula (I) (cf. ref. 3). While the syn- 
thesis of various fragments of the molecule‘ has lent 
considerable support to this structure, the enzymic 
and chemical evidence did not agree on one point. 
This concerned the nature of a substance obtained 
by the action of nucleotide pyrophosphatase on the 
coenzyme and which stimulated the growth of 
Acetobacter suboxydans*. Although not isolated in a 
chemically pure state, it was thought to be a simple 
phosphate of pantothenic acid*. None of the syn- 
thetic pantothenic acid phosphates showed activity 
towards this organism; consequently, it was sug- 
gested? that this ‘Acetobacter-stimulatory factor’ 
might be pantetheine-4’phosphate (II). An un- 
ambiguous synthesis of (II) is described here. 

D : L- Pantetheine -O* : S dibenzyl ether was pre- 
pared from pantothenic acid-2’benzyl ether by 
reaction with ethyl chloroformate and then 2-benzyl- 
thioethylamine. Phosphorylation with dibenzyl 
chlorophosphonate and removal of the four benzyl 
groups with sodium in liquid ammonia gave D : L- 
pantetheine-4’phosphate. 

A more reliable method of assay for the ‘Acetobacter- 
stimulatory factor’ consists in its resynthesis to 
coenzyme A by a partially purified enzyme system 
isolated from pigeon liver?. This system does not 
respond to pantetheine or to pantothenic acid phos- 
phates. Synthetic pb : 1 -pantetheine - 4’phosphate, 
when examined in this system, showed an activity 
equivalent to 265 units of coenzyme A per milligram, 
which represents a 47 per cent conversion into 
coenzyme A. This is in excellent agreement with the 
expected 50 per cent conversion for the optically 
inactive substance. 

Pure p(-+)-pantetheine-4’phosphate, [a]; 10-8°, 
was synthesized by direct phosphorylation of pante- 
theine with dibenzyl chlorophosphonate followed by 
removal of benzyl groups with sodium in liquid 
ammonia. This method, although ambiguous, is very 
convenient in operation, and the product shcwed a 
coenzyme A activity in the above test of 450 units/ 
mgm., which represents an 82 per cent conversion. 

This synthesis establishes beyond doubt the 
structure of the pantetheine phosphate part of the 
coenzyme molecule, and it is hoped to extend these 
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studies to the synthesis of pyrophosphates more 


closely related to coenzyme A. 


Full details of this work will be published separat« ly 


elsewhere. J. BADDILEY 


E. M. TuHarw 
Lister Institute of Preventive Medicine, 
London, S.W.1. 
bs tes G. D. Nove. 


F. LipMann 
Biochemical Research Laboratory, 
Massachusetts General Hospital, 
and the Dept. of Biochemical Chemistry, 
Harvard Medical School, Boston, Mass. 
Dec. 12. 
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x 


and Kaplan, N. O., J. Amer. Chem. Sor., 


Activation of Enzymes by Chelating Agents 
LystnE and glyoxaline-4-5-dicarboxylic acid! and 
histidine? have been shown to activate preparations 
of Keilin horse-heart succinoxidase in unfavourable 
environments. A property common to these com- 
pounds is their ability to chelate heavy metals. We 
have accordingly tested the effect of other well-known 
chelating agents upon this system in bicarbonate 
buffer, which has been shown by Bonner* to depress 
its activity. In Table 1 are shown typical results. 


Table 1 


ul. oxygen 
Enzyme in 20 min. 

Phosphate buffer (0-13 4) | 300 
Bicarbonate buffer (0-025 M) 65 

ie » + histidine (1-0 mgm./ml.) 27 

ra + pyrophosphate (1-0 mgm./ml.) 240 

ai » + 8-OH-quinoline (0-1 mgm./ml.) 300 

a » + versene (0-1 mgm./ml.) 330 
Phosphate buffer + versene | 330 


Each Warburg flask contained 7 O02 mil, enzyme (see ref. 3), 0-2 mi. 
cytochrome c, 2-4 ml. buffer (pH. 7-3), 0-3 ml. activator to give fina! 
concentrations listed above, 0-2 ml. sodium succinate (0-4 M), Tem) 
37° C., gassed with oxygen with phosphate buffer, and oxygen con- 
taining 5 per cent carbon dioxide with bicarbonate buffer. , 

The most effective reagent, versene (ethylene- 
diaminetetracetic acid), raises the activity in bi 
carbonate to a level even higher than that in 
optimum concentrations of phosphate. The activity 
in phosphate can be increased to the same figure by 
the addition of versene. 

These results suggest that the activating effect 
of all these reagents is due to their ability to remove 
heavy metals from 
the reacting system. 
This suggestion is 
supported by the fol- 
lowing further evidence: (1) If commercial sodium 
succinate is carefully purified, the activity in bicarbon- 
ate is markedly increased, and that in phosphate is 
raised a little (Table 2). However, the effect of versene 
is still marked, which is not surprising since succinate 
is not the only source of heavy metals in the sys- 
tem. (2) Concentrations of 2x 10-* M cupric and 
zinc ions in phosphate buffer inhibit the succinic 
oxidase completely, and the activity is restored 
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Table 2 


No. 4341 


#1. oxygen/20 min. 


Enzyme in Commercial Purified 








sodium succinate | sodium succinate | 

? sphate buffer | 300 | 324 
x » . + versene | 330 } 440 
Bicarbonate buffer 60 | 182 
, ” versene 330 } 376 


Conditions and concentrations as in Table |. 


above the original by the addition of versene (Table 3). 
(3) In mitochondrial preparations carefully made with 
glass-distilled water and pure reagents, histidine no 
longer increases the activity in phosphate buffer‘. 
Table 3 also shows that the well-known activation 
of the oxidase by calcium ions® and by aluminium 
or chromium ions® in the presence of phosphate is of 
the same order as that due to versene, and that the 
simultaneous presence of versene causes no further 
increase, but also no decrease. Keilin and Hartree 
ascribed activation by these reagents to a physical 
effect. They suggested that the insoluble pre- 
cipitates formed by these metals could provide sur- 
faces on which the oxidase could be ‘re-orientated’. 
However, the concentration of versene used here 
causes the rapid solution of the calcium and chromium 
jon precipitates but causes no diminution in activity. 
Calcium phosphate and the hydroxides of aluminium 
and chromium are known to be good adsorbents. An 
alternative explanation of the action of these pre- 
cipitates is, therefore, that they strongly adsorb 
heavy metals. This may also explain the action of 
denatured globin, another well-known activator. 


Table 3 


{ 


ul. oxygen/20 min. 


\ddition to enzyme in } 
Versene added* | 











phosphate buffer | No versene 
None | 194 220 
Cut 2x 10° M 18 215 | 
zZnt+ & 6 219 
Catt 2 230 228 
4|+++ 213 210 | 
Cr+++ | 227 217 


*3 ‘0 mgm./ml. final concentration. 

If heavy metals are as important as these experi- 
ments suggest, metal-binding by phosphate may 
explain the necessity for using high concentrations 
of phosphate with a Keilin horse-heart preparation 
compared with the small phosphate concentrations 
necessary in mitochondrial preparations. Concentra- 
tions of phosphate above the minimum probably act 
by binding heavy metals, and high concentrations 
are necessary to exceed the solubility product of the 
heavy-metal phosphates and cause their precipitation 
by mass action. The appearance of an optimum 
rather than a plateau may be caused by a direct 
inhibition of enzyme by phosphate at these very high 
concentrations. This inhibition may well become 
important before the full potential-activating effect 
of phosphate has been reached, so that versene may 
still raise the activity even at optimum phosphate 
concentrations. 

S. M. ALTMANN 
E. M. Croox 
Department of Biochemistry, 

University College, London. May 30. 
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Paper Electrophoresis of Polyglutamy! 
Peptide 


A¥rTER capsulated B. anthracis had grown in a 
modified synthetic medium of Brewer e¢ al.1, a mix- 
ture of growth products was isolated from the glass- 
filtered medium which gave a precipitate with copper 
sulphate. Crude polyglutamyl peptide was obtained 
from this precipitate?. An attempt was made to 
separate the components of the original mixture of 
growth products by paper «' ‘+t: phoresis using a 
tank as described by Flynn -. 4yo*, and it was 
found that the peptide could 1.0. ve detected using 
naphthalene black, bromo-pher~* ° <, ninhydrin or 
ultra-violet light‘. We found n wt.d be detected 
by taking advantage of the acidic nature of the pep- 
tide, using the following technique: (1) paper strips 
with the peptide applied are run in a suitable buffer, 
for example, veronal/veronal sodium at pH 8-6 or 
acetic acid/sodium acetate at pH 4:5, and dried at 
100° ; (2) the buffer is washed out with two changes 
of 80 per cent ethanol; (3) the strips are treated 
with N/50 hydrochloric acid in 90 per cent ethanol ; 
(4) the acid is thoroughly removed with ethanol ; 
(5) after drying, the strips are dipped into N/300 
alcoholic sodium hydroxide containing 0-04 per cent 
bromo-cresol purple, which is repeated if necessary 
until colour differentiation is obtained, and the strips 
are blotted. 

The peptide appears as a bright yellow spot on a 
blue background. The method described by Reid 
and Lederer® for fatty acids was not suitable, since 
the background faded almost immediately and incor- 
poration of formalin in the indicator solution caused 
proteins to give a faint acid reaction. Strips prepared 
as above were permanent for some days. 

0-2 mgm. of two samples of the peptide, one 
obtained from the capsules of B. anthracis* and the 
other from the synthetic medium after growth and 
glass filtration, were applied to 3 cm. x 36 cm. strips 
of No. 4 Whatman paper and run in veronal buffer 
at pH 8-6 for 19 hr. using a 120-volt high-tension 
battery. The strips were treated as above and 
photographed (Figs. 1 and 2). The dye was eluted 
from one of the papers with ethanol] and the peptide 
eluted with water and hydrolysed with 6N 
hydrochloric acid for 20 hr. The residue run on 
a paper chromatogram’ showed only glutamic 
acid. 

The mixture of growth products isolated from the 
synthetic medium was run in duplicate as before. 
One strip was stained by the naphthalene black 
method, differentiation being improved by including 
a wash in N/100 hydrochloric acid in 80 per cent 
methanol. The other strip was treated as above. 
Separation of the peptide from two components 
staining with naphthalene black had occurred ;_ but 
in this case the peptide had travelled much faster 
(Figs. 6 and 7). 

Artificial mixtures of the peptide and complete 
proteins gave rise to distorted pictures. With 
70 pgm. of liver catalase and 150 ugm. of the peptide, 
a separation had occurred; but the catalase was 
repelled to the sides of the strip (Figs. 3, 4 and 5). 
Mixed with 200 ugm. of crystalliné bovine albumin, 
150 ugm. of the peptide moved at approximately the 
same rate but again appeared to repel the protein 
and be concentrated in the centre (Figs. 8 and 9). 
Similarly, when mixed with 10 ul. of normal human 
serum, all the protein components were distorted 
(Figs. 10 and 11). 
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In each paper strip the starting line is shown at the top. (1) 0-2 mgm. of peptide 
from synthetic medium : 19 hr,; bromo-cresol purple. (2) 0-2 mgm. of peptide from organ- 
ism; 19 hr.; bromo-cresol purple. (3) 0-07 mgm. of liver catalase ; 19 hr. ; naphthalene 


black. (4) 0-07 mgm. catalase + 0-15 mgm. peptide ; 19 hr. ; 
mgm. catalase + 0-15 mgm. peptide ; 19 hr. ; 
products from synthetic medium; 19 hr. ; 

ducts from synthetic medium; 19 hr.; bromo-cresol purple. (8) 


bovine albumin ; 16 hr.; naphthalene black. (9) 0-5 mgm. albumin + 0°15 mgm. peptide ; as 
16 hr. ; naphthalene black. 
(11) 10 wl. serum + 0-15 mgm. peptide ; 16 hr. ; naphthalene black 


16 hr.; naphthalene black. (10) 10 al. normal human serum ; 


These results suggest interaction between protein 
and polyglutamyl peptide, and we suggest this 
is a factor to be considered when electrophoresis 
is used as a method of separating unknown 
mixtures. 

We should like to thank Dr. D. Herbert for he!pful 
criticism. Acknowledgment is made to the Chief 
Scientist, Ministry of Supply, for permission to pub- 
lish this letter. 

R. E,. STRANGE 
N. HarkKNESS 


Microbiological Research Department, 
Porton, Nr. Salisbury, 
Wilts. 
June 24. 
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Effect of Calcium Chloride on 
Choline Esterase 


THE effect of salts on choline esterase activity has 
been studied by a number of investigators'-". The 
results may be summarized as follows: (1) True 
choline esterase: salts with univalent or divalent 
cations inhibit at low concentrations of acetylcholine, 
whereas these salts activate at high concentrations 
of acetylcholine ; the optimum substrate concentra- 
tion is shifted to higher values, though this was not 
found by Augustinsson!*. (2) Pseudo-choline esterase : 
salts with uniyvalent cations inhibit, whereas divalent 
cations activate. In most experiments, hitherto, 
acetylcholine only was used as substrate, and choline 
esterase activities were determined manometrically, 
thus introducing a possible complicating effect of 
bicarbonate and other buffers present in the system. 
An effect of the salts (especially at high concentrations) 


naphthalene black. 
bromo-cresol purple ; 
naphthalene black. (7) 1 mgm. growth pro- 


on the bicarbonate — carbon dioxide 
equilibrium cannot be excluded. 


only the results with calcium chlor- 


inary experiments with other salts 
show that the effects observed are 
by no means specific for calcium 
chloride. 
as general cation effects. 

All enzyme activities were de- 
termined by the continuous titra- 
tion method at pH 7:4 using a 
direct-reading pH meter at 24° (©, 
Spontaneous hydrolysis of the sub- 
strates was practically unaffected 
by the presence of even very 
high concentrations of calcium 
ome chloride and was taken into account 
in all experiments. 
of the choline esters were 
(5) 0-07 With the exception of acety!-a- 
(6) 1 mgm. growth 
0-5 mg.n. crystalline 
the iodides. The following 
enzyme preparations were used. 
True choline esterase : (1) a suspen 
sion of ox nucleus caudatus, prepared as deser bed pre 
viously for rat brain!‘ (crude true choline esteras« 
(2) Winthrop-Stearns choline esterase from ox 
erythrocytes (purified true choline esterase). Pseudo 
choline esterase; (1) Horse serum partially purified 
by Strelitz’s method'®, as described previously" 
(crude pseudo-choline esterase); (2) horse serum 
purified as far as Strelitz’s sixth stage (purified 
pseudo choline esterase). 

Fig. 1 shows the effect of calcium chloride con 
centration upon the activity of crude true choline 
esterase and crude pseudo-choline esterase hydro- 
lysing acetylcholine at a concentration of 0-01 M. 
In addition, a curve is shown for liver esterase (rat 
liver homogenate) hydrolysing ethyl butyrate at a 
concentration of 0-015 M. 

While true choline esterase is activated by more 


than 100 per cent, pseudo-choline esterase activation 7 


only amounts to 20 per cent, whereas liver esterase 
is not activated at all. At high calcium chloride 
concentrations all three enzymes are inhibited. 

In Fig. 2 is shown the effect of 0-1N calcium 
chloride and 0-1 N sodium chloride on the acety! 
choline hydrolysis of purified true choline esterase at 
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pen No definite shift in this optimum is found, and this 
pre was confirmed in experiments with crude true 
se): @ choline esterase. 
ox Table 1 shows the comparatively small effect of 
ssid 0:1. N, 0-01 N and 0-001 N calcium chloride on the 
fied acetylcholine hydrolysis by crude pseudo-choline 
ly" 
" Table 1. EFFECT OF CALCIUM CHLORIDE ON THE HYDROLYSIS OF 
rum @ ACETYLCHOLINE BY CRUDE PSEUDO-CHOLINE ESTERASE 
fied P — 
Copeentration of Concentration of % Activation 
“on acetylcholine (M) calcium chloride (NV) 
line FE j ; : 9 1 as 20 
dro 1 =. 35 
0-00 2 
M. LARPS st i eee 
(rat 0-1 19 
0-1 0-01 26 
it a j | 0-001 | 10 
; a a ee ——" SSE ORE ee iii 
5 O-l 13 
10Te 0-01 0-01 21 
bion 7 0-001 25 
rase fia sia 19 
ride 0-001 0-01 ~— 6 
4 0-001 il 
2 
Pin fee rea, we eee ee 
ty! Table 2. EFFECT OF CALCIUM CHLORIDE ON THE HYDROLYSIS OF 
> at SUBSTRATES BY CRUDE TRUE CHOLINE ESTERASE AND CRUDE PSEUDC- 
CHOLINE ESTERASE* 
% Activation by calcium 
Substrate chloride 
0-01 M unless otherwise stated)! (optimum concentraticns in 
brackets) 
| True choline Pseudo-choline | 
esterase esterase 
Acetyl choline 129 (0-1N) | 25 (0-01 N) 
Propionyl choline 105 (O-1 N) | 20 (0-01 N) 
butyryl choline 96 (0-1N) | 8 (0-01 N) 
Benzoyl choline not hydrolysed | 26 (0-01 N) 
tt (cetyl-a-methylcholine | 117 (0-1N) |} 16 (0-01 N) 
; Acetyl-B-methylcholine | 2 (0-01 N) | not hydrolysed 
\cetyl-a,8-dimethylcholine 
4 threo 10 (0-01.N) | not hydrolysed 
: \cetyl-a,8-dimethylcholine 
erythro | not hydrolysed | not hydrolysed 
hutylacetate (0-028 MM) | 113 N) | 113 (0-1 .N) 
soamylacetate (0-0096 M) | 77 (1 N) | 101 (-1N) 
} Dimethylbutylacetate | 
_ (0-004 M) 85 (1 N) 76 (0-1 N) 
lrriacetine 76 (IN) not hydrolysed 


* With the purified preparations the results were essentially the 
same, although the activations with the, non-choline esters were 
somewhat lower. 
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esterase. The activation increases slightly with in- 
crease of substrate concentration. 

The effects of calcium chloride on the hydrolysis 
of a number of substrates were compared. ‘Ihe 
results obtained for maximum activations taken from 
experiments with varying substrate and calcium 
chloride concentrations are shown in Table 2. 

It is apparent that the optimum concentration of 
calcium chloride depends on the substrate and on 
the enzyme preparation used. 

With pseudo-choline esterase the results can be 
summarized as follows. Uncharged substrates (non- 
choline esters) are hydrolysed and the hydrolysis is 
activated by calcium chloride. Charged substrates 
(choline esters) lacking a methyl group in the 6- 
position are hydrolysed, but only slightly activated 
with calcium chloride. Charged substrates with a 
methyl group in the §-position are practically not 
hydrolysed. 

With true choline esterase, uncharged substrates 
as well as charged substrates without a §-methyl 
group are hydrolysed, and this hydrolysis is activated 
by calcium chloride. Charged substrates with a 
8-methyl group are hydrolysed (with the exception 
of acetyl-«-8-dimethylcholine (erythro)); but their 
hydrolysis is not activated by calcium chloride. 
Uncharged substrates with a methyl group next to 
the ester linkage (comparable with the 8-position of 
choline) are under investigation. Preliminary experi- 
ments with pentanol-2-acetate suggest activation 
by calcium chloride of its hydrolysis by true choline 
esterase and practically no hydrolysis by pseudo- 
choline esterase. 

A more extensive report and a discussion of the 
results will be published at a later date. 

I am indebted to R. A. Oosterbaan and the 
Chemical Laboratory of the National Defence 
Research Council T.N.O. for preparing some of the 
substrates. 

C. VAN DER MEER 

Medico-Biological Institute of the 
National Defence Research Council T.N.O., 
Leyden. 
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Occurrence of Choline Oxidase in Plant 
Tissues 


Mann and Quastel! showed that choline is oxidized 
to betaine aldehyde by homogenates of rat liver, and 
evidence was obtained that the betaine aldehyde so 
formed was further oxidized to betaine. Bernheim 
and Bernheim? showed that synthetic betaine alde- 
hyde was oxidized to betaine at pH 7-8 by extracts 
of rat liver, but at pH 6-7 betaine aldehyde remained 
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unchanged. As the result of further experiments, 
Mann, Woodward and Quastel* concluded that the 
choline oxidase system consists of choline dehydro- 
genase, cytochrome c and cytochrome oxidase. 
Muntz*‘ has shown that betaine, formed by oxidation 
of choline, is an active donor of a labile methyl 
group for transmethylation in animal tissues. 
Although betaine is of widespread occurrence in 
plants, particularly in the Chenopodiacez, little is 
known of the mode of synthesis and the part played 
by this compound in the metabolism of higher 
plants. 

Preliminary experiments which we have carried 
out have revealed the presence of an enzyme system 
in dialysed homogenates of young roots of sugar beet 
(Beta vulgaris Linn.) which brings about the oxida- 
tion of choline to betaine. The addition of cyto- 
chrome c facilitated the oxidation. The enzyme was 
inhibited by cyanide and inactivated by heat. The 
conclusion was reached that a choline oxidase system 
is present which bears a close resemblance to that of 
animal tissues. 

The homogenate was prepared by grinding root 
tissues with sand in a mortar previously chilled, and 
straining through muslin to remove cell debris. The 
homogenate was dialysed against distilled water at 2° 
for 24 hr. To 12-5 ml. of the dialysed homogenate was 
added 12-5 ml. of an M/5 solution of phosphate 
buffer pH 7-4, 12 mgm. of choline and 1-5 ml. of a 
solution of cytochrome c¢ containing 1 x 10-7 M/ml. 
After a period of 24 hr. at 20°, the pH of the homo- 
genate was adjusted to 4-5, protein was precipitated 
at 85°, removed by filtration and the filtrate clarified 
by heating with charcoal. After filtration, unchanged 
choline was precipitated with ammonium reineckate 
at pH 8. The filtrate was brought to pH 1 with 
hydrochloric acid and kept at 4° for 30 min. The 
copious precipitate which appeared was filtered off 
on @ chilled sintered-glass crucible, washed with 
water-saturated ether, dissolved in warm water and 
recrystallized. The reineckate melted at 155°—156° 
and contained 12-2 per cent chromium. Pure betaine 
reineckate has a melting point of 154°—156° and re- 
quires 11-95 per cent chromium. 

Homogenates previously heated to 100° and homo- 
genates with added cyanide did not oxidize choline 
to betaine. Analysis of controls using homogenates 
without added choline and cytochrome c showed the 
presence of 0-7 mgm. residual betaine not removed 
by dialysis, as against 3-7 mgm. found in homo- 
genates to which 12 mgm. of choline and cytochrome c 
had been added. Homogenates of young leaves of 
sugar beet were inactive under all conditions. 

The conclusion is reached that betaine is formed 
in the root tissues of sugar beet by oxidation of 
choline and moves upwards into the leaves. Full 
details of these experiments will be published else- 
where. One of us (S. D. R.) is in receipt of a grant 
from the Agricultural Research Council. 


B. T. CROMWELL 
S. D. RENNIE 
Department of Botany, 
University College, 
Hull 


June 30. 


*Mann, P. J. G., and Quastel, J. H., Biochem. J., 31, 869 (1937). 
s — F., and Bernheim, M. L. C., Amer. J. Physiol., 121, 55 
1 . 
* Mann, P. J. G., Woodward, H. E., and Quastel, J. H., Biochem. J., 
32, 1024 (1938). 
Muntz, J. A., J. Biol. Chem., 182, 489 (1950). 
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Inhibition of E. coli Strains by Amino- 
Acids 


THaT amino-acids can inhibit growth of cert: 
bacteria has been known for some time’. Thus 
Gladstone? showed that several strains of Bacilius 
anthracis which grew well on a synthetic amino- 
acid medium failed to grow when leucine or 
valine was added in concentrations as low 
as 1 ugm. per ml.; but a very small amount of 
leucine could abolish the inhibitory effect of valine 
and vice versa. A similar, though less marked, 
relationship was shown to exist between serine and 
threonine. 

Washburn and Niven’ have described analogous 
effects with a strain of Streptococcus bovis growing 
on @ synthetic medium containing arginine as the 
only amino-acid. Addition of isoleucine or leucine 
in amounts of the order of 1 ugm. per ml. completely 
suppressed growth. Simultaneous presence of even 
smaller concentrations of valine would prevent this 
inhibition. 

I wish to record a similar effect with strains of 
Escherichia coli. In the course of auxanograph tests, 
it was found that the K12 strain growing on the 
minimal medium of Davis and Mingioli* was specific- 
ally and strongly inhibited by pL- or L-valine. This 
inhibition was completely reversed in the presence 
of pi-leucine or pi-threonine. In liquid minimal 
medium, as little as 1 ugm./ml. of valine suppressed 
growth for 24 hr., and the inhibition caused by 
90 ugm./ml. of valine could be prevented by the 
simultaneous addition of 15 ugm./ml. of leucine or 
8 ugm./ml. of threonine. 

In order to see whether this is a general phenomenon 
among LE. coli strains, the same technique of testing 
was applied to a miscellaneous collection of one 
hundred coli strains selected from routine plates for 
their ability to grow on the minimal medium. Not 
one further strain was inhibited by valine; but a 
surprising number of other inhibitions came to light. 
Thus ninety strains were inhibited in varying degrees 
by norleucine, seventy-five by norvaline, nine by 
serine, seven by a-amino butyric acid, five by aspartic 
acid, five by histidine, three by cystine, two by 
lysine, one by leucine and one by tyrosine. Some 
strains were obviously inhibited by several amino- 
acids, others only by one. In every case reversal of 
the effect was possible by simultaneous presence of 
one or more different acids, the commonest reversers 
being leucine and methionine. 

This agrees with the finding of Porter and Meyers’, 
who reported that inhibition of Proteus morgani 
strains by norleucine or norvaline could only be con- 
sistently prevented by methionine. This contra- 
inhibitory effect in EZ. coli is, however, by no means 
confined to methionine and leucine; for example, 
inhibition of one strain (61) by aspartic acid could 
be reversed by valine, with another strain (89) by 
valine, proline and glutamic acid; inhibition of 
strain 28 by serine was prevented by aspartic acid 
or «-amino butyric acid but not by leucine or meth 
ionine. 
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or without an inhibiting amino-acid reached the same 
density. 

These phenomena are quite distinct from the re 
ported®’ inhibition of Escherichia coli by p-amino-acids 
such as pD-leucine and p-valine at concentrations of 


By following the growth of these strains in || 
liquid medium, it was observed that the inhibition | 
consisted of an increased lag of up to 24 hr. duration ; | 
eventually the populations on minimal media with | 
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about 1-5 mgm./ml. The toxic effect of these rela- 
tively high concentrations of D-amino-acids is ex- 
hibited{in nutrient broth, whereas all the other 
inhibitions described above are completely reversed 
in the presence of nutrient broth. 
D. RowLrey 
Wright—Fleming Institute of Microbiology, 
St. Mary’s Hospital Medical School, 
» | London, W.2. 
July 7. 
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Protoporphyrin in the Integument of 
Asterias rubens 


MacMunn in 1886! extracted the integument of 
A. rubens (then known as Uraster rubens) with ethyl 
alcohol containing sulphuric acid. The extracts were 
red-fluorescent to ultra-violet light, and MacMunn 
reported the presence of hematoporphyrin in them 
the only porphyrin then known, having been dis- 
covered by Hoppe-Seyler in 1871*%. So far as we 
know, there is no further mention of hematoporphyrin 
in Astertas in the literature. 

As part of a survey of marine animals from the 
point of view of porphyrin content, Asterias rubens 
has been re-investigated by us, when it was found 
that the integument contained free protoporphyrin 
and not hematoporphyrin. 

The details of this work will be published else- 
where, but the essentials are as follow. The integu- 
ment was freed from adhering ceca, chopped fine, 
and extracted by shaking with a 5:1 mixture of 
peroxide-free ether and glacial acetic acid, with 
addition of 1/10 volume of petroleum ether to avoid 
emulsion formation. After washing out most of the 
acetic acid with water, the porphyrin was extracted 
with 5 per cent w/v hydrochloric acid, and driven 
back to peroxide-free ether with sodium acetate. The 
ether solution was washed, evaporated to dryness, 
and the residue rinsed with petroleum ether. The 
dry residue was dissolved in chloroform, from which 
the porphyrin was flocculated by adding petroleum 
ether. 

The porphyrin was purified by esterification with 
methanol saturated with hydrochloric acid, and 
chromatographed on magnesia from chloroform solu- 
tion’. Impurities remained at the top of the column 
as a dark brown band, and a strong violet-red band 
formed some 2 cm. below. This band was eluted 
only by 3:100 methanol-chloroform, indicating 
protoporphyrin ester. The porphyrin ester crystallized 
from chloroform/methanol in red prisms, melting at 
225° C. (uncorr.). 

Evidence of identification of the porphyrin is as 
follows. 

(1) Methyl ester crystallizes in red prisms melt- 
ing at 225°C. These gave a mixed melting point 


i of 225°C. with a sample of protoporphyrin IX 


dimethyl ester (melting point 226°C.) made from 
blood. 

(2) Absorption spectrum (Hartridge reversion 
spectroscope) in chloroform : 
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Asterias porphyrin 630 575 540 507 mys 
Protoporphyrin IX dimethyl ester 
(blood) 631 575 541 507 mye 
(3) Paper partition chromatography using a 


lutidine-water system in an atmosphere of ammonia 
vapour. The free porphyrin gave one spot only, of 
Rp value 0-8, indicating a dicarboxylic porphyrin‘. 


(4) Elution of the methyl ester from magnesia 
by 3:100 methanol-chloroform indicated proto- 


porphyrin. 

(5) Reduction of the methyl ester by hydriodic 
acid and subsequent esterification gave mesoporphyrin 
IX dimethyl ester (melting point 215°C.). There- 
fore, the original porphyrin could only be proto- 
porphyrin IX, a type-III porphyrin derived from 
ztioporphyrin ITI °. 

(6) Chu’s test 1946—adding a few drops of 
concentrated hydrochloric acid to a chloroform 
solution of the porphyrin—gave a green colour, 
suggesting protoporphyrin. 

Fluorimetric estimation of the protoporphyrin’ in 
the integument of various colour groups of Asterias 
gave the following mean contents : 


Pale group 
5-0 wgm./gm. 


Violet-brown group 
69-1 ugm./gm. 


Red group 
16-0 ugm./gm. 


G. Y. KENNEDY 
Cancer Research Laboratory, 
University Field Laboratories, 
Lodge Moor, 
Sheffield 10. 
H. G. VEVERS 
Marine Biological Laboratory, 
Plymouth. 
July 24. 
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Dehydrogenation of Various Substrates 
by Vibrio cholere 


A DETAILED investigation of the enzyme make-up 
of Vibrio cholere has been undertaken with the view 
of studying the metabolic activities of the pathogen. 
Deamination of amino-acids by a few strains of 
Vibrio cholere has been reported elsewhere’. This 
communication covers preliminary observations on 
the dehydrogenase activity of an Ogawa strain (No. 
49514—-Kasauli}, and the Inaba and the Rough 
variants derived from it?. 

Twenty-four hour growth of the organism on agar 
slopes (pH 8-0) was harvested with saline (0-85 per 
cent sodium chloride for Ogawa and Inaba and 
0-3 per cent sodium chloride for Rough) and, after 
centrifugation, washed once with salt solution of 
appropriate concentration and recentrifuged. The 
residue was finally suspended in saline and adjusted 
to a fixed turbidity value using a Lumetron model A 
photo-electric colorimeter. The nitrogen content of 
the suspension was determined in an aliquot portion 
by the micro-Kjeldahl procedure.“ The reaction 
mixture, consisting of 1 ml. of M/100 substrate, 
1 ml. of M/15 phosphate buffer of pH 8-0 and 1 ml. 
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DEHYDROGENATION OF VARIOUS SUBSTRATES BY Vibrio cholera 





| 
Nitrogen 
; content of | 
| suspension | 
(y/ml.) 


Turbid- 
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* Decolori-ition was not complete. 


of M/10,000 methylene blue, was kept in the main 
compartment of a Thunberg tube. 1 ml. of the bact- 
erial suspension was taken in the hollow stopper. 
The tubes were evacuated with a high-vacuum pump, 
equilibrated at 38°C. for 5 min. and then mixed. 
The time taken for the complete discharge of the blue 
colour was taken as the end-point. Results of some 
typical experiments (two sets of triplicates) on a few 
substrates are given in the accompanying table. 

It is evident that almost all the amino-acids and 
aliphatic acids employed in the present study act as 
hydrogen donors for the respiratory activity of this 
organism. Ethyl alcohol and malic acids were, how- 
ever, found to be resistant to dehydrogenation. It 
may be inferred from the results that the dehydro- 
genases of Vibrio cholere are linked up with cyto- 
chrome systems reported* to be present in these 
organisms. However, the possibility of other 
coenzyme systems taking part in this process cannot 
be excluded. 

In control experiments with water in place of sub- 
strate there was no discharge of colour up to 18—20 hr. 

The results obtained would indicate that dehydro- 
genation by Vibrio cholere, based on activity, falls 
into three main groups, namely, 










Group A: Rough > Inaba > Ogawa 
Group B: Rough > Inaba ~ Ogawa 
Group C : Rough ~ Inaba > Ogawa 


This is in contrast to the pattern observed in deamina- 
tion wherein the activity was of the order Ogawa-— 
Inaba—Rough‘. 

Barron’ has shown that when the regulatory 
mechanism within a cell is progressively blocked by 
the controlled use of alkylating or thiol reagents, cata- 
bolic reactions proceed at a faster rate, resulting in an 
increase in cellular respiration. A faster rate of de- 
hydrogenation in the converted variants (Inaba and 
Rough) now observed would therefore indicate a 
higher metabolic activity. 
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The conversion of the Ogawa into Inaba and the bran 
Rough has been considered to be loss variation’, but 
Against the background of the work of Barron’, it Th 
would appear from the present investigation that simp 
some factor present in the parent cell is lost during by a 
the transformation. Th 
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Sete hype’ 
dag pepsi 
Anti-diuretic and Oxytocic Substances decre 
liberated by the Digestion of Plasmatic the d 
Proteins with Pepsin ype 
Dicestion of human, ox and horse plasma or sugge 
digestion for 5 hr. at 37°C. of hypertensinogen It 
(alpha-2 globulin) at pH 2-5-3-5 with crystallized conta 
pepsin (50 mgm. per litre) leads to the liberation @& ated 
of several peptides. These substances have been @ have 
shown to have similar pharmacological effects to @ those 
those produced by  neurohypophysial extracts. @ anti- 
Croxatto and Croxatto' have demonstrated that @ The 
digestion of hypertensinogen with pepsin produces, @ chem: 
under certain conditions, pepsitensin. The latter @ horm: 
substance behaves similarly to hypertensin with @ that } 
regard to the action of proteolytic enzymes and tissue @ bounc 
extracts. @ would 
Hydrolysis of hypertensinogen or a second hydro- @precu 
lysis (with pepsin at pH 2-5) of the extracts which @in the 
contain pepsitensin produces @ substance which lacks @ We 
any hypertensive effects. but shows instead an intense @the |] 
anti-diuretic action in water-loaded rats (Burn’s test). “@resear 
The substance shows chemical and pharmacological ~ 
properties which are similar to those of vasopressin © 
after being treated with sulphydrilic substances’. 
The sulphydrilic compounds used were thiosorbito! 
and thioglycollate, but mainly the former. The con 
centration of thiosorbitol used was 0-003—0-012 1 Lab 


(pH 7-3, period of contact 6-12 hr., temperature 37°). “QUnive 
Under these conditions, it can be shown by means of ~ 
intravenous injections that the hypertensive (vaso- 
constrictor) effect of the vasopressin is destroyed anc 
the antidiuretic potency is totally conserved or almost 
so. The effect of thioglycollate did not differ from 


 Croxat 
@ Croxat 
tion 


that of thiosorbitol, though at the same concentra- — — 
tions a greater destruction of the antidiuretic pro- (J 1 
perties was produced than with thiosorbitol. 

The anti-diuretic substance liberated by pepsin is | 
soluble in both methyl and ethyl alcohol and also in Me 
acetic acid. It is also adsorbed by ‘Norit’, from which ES 
it is easily eluted with acetic acid. Afterwards, it is THE 
easily precipitated by adding a mixture of equal parts Fiudiec 
of petroleum ether and absolute alcohol. Also, it fecent 
may be precipitated by adding either ether or benzol. fhe ea 
It is not destroyed by boiling in an acid environment. @)sorp 
It is not precipitated by adding trichloroacetic acid. fo" wh 
Also, it can be dialysed through ‘Cellophane’ mem- F@lled 
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> chemical 
} hormones from the neurohypophysis* and suggest 


B the 
@research that made this work possible. 
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branes. It resists the prolonged action of pepsin, 
but it is destroyed by chymotrypsin. 

The anti-diuretic substance is not produced by a 
simple acid hydrolysis of plasma (pH 2-5) obtained 
by adding hydrochloric acid to plasma proteins. 
“The substance is capable of inhibiting diuresis of 
hypophysectomized rats with diabetes insipidus when 
injected intravenously or intraperitoneally. Its 
action on diuresis of the cat anzsthetized with ‘Dial’ 
is similar to that of vasopressiz treated with thio- 
sorbitol. Extracts adsorbed by ‘Norit’, eluted with 
acetic acid and precipitated with ether, produce (at a 
dose of 10 mgm. in a rat of 200 gm.) in the hyper- 
hydrated rat an effect that is comparable to that 
of 500-1,000 » of vasopressin. 

It is possible to identify in the same extracts 
another substance which has marked oxytocic effects 
and which acts on the uterus of both guinea pigs and 
rats. This ‘substance is destroyed by chymotrypsin, 
but resists the action of crystallized pepsin and 
trypsin. When hypertensinogen is treated previously 
with renin, in order to eliminate the production of 
hypertensin, it produces (after further digestion with 
pepsin) an increase of the anti-diuretic factor and a 
decrease of the oxytocic factor. Several tests with 
the different fractions separated from the hydrolysed 
hypertensinogen demonstrate that the oxytocic and 
the anti-diuretic effects are independent. This fact 
suggests that they are different substances. 

It is evident that hypertensinogen potentially 
contains certain peptide fractions which are liber- 
ated by hydrolysis with pepsin. These fractions 
have pharmacological effects which are similar to 
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© those of hypertensin and those of the oxytocic and 
? anti-diuretic hormones. 


These facts confirm previous deductions about the 
similarity of bypertensin and of the 


that probably the hormones from the hypophysis are 
bound to certain blood proteins. Another possibility 
would be that proteins contain some chemical 
precursors which would be utilized by the hypophysis 
in the synthesis of hormones‘, 

We wish to thank the Rockefeller Foundation and 
Fundacion Gildemeister for the grants for 


H. CrRoxatTtTo 

L. BARNAFI 

G. Rosas 

A. REYES 

A. INFANTE 
Laboratorio de Fisiologia, 


. Universidad Catolica de Chile, 
s of 4 


Santiago. 
June 30. 
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Mechanism of lon Absorption by Roots 


THE absorption of anions by barley roots has been 
studied in @ manner similar to that adopted in a 
recent study! of the absorption of alkali cations. 
the earlier paper considered the effect on the rate of 
bbsorption of varying (1) the concentration of the 
ion whose absorption was being measured (arbitrarily 





talled the ‘substrate ion’), and (2) the concentration 
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of another alkali cation present (the ‘interfering ion’). 
The anion was chloride throughout. The results 
were shown to be consistent with the view** that 
the absorption of potassium and rubidium involves 
the formation and subsequent breakdown of an inter- 
mediate labile complex, MR, of the cation, M, with 
an ion-binding carrier, R. It was assumed that a 
membrane impermeable to the free ions is traversed 
by MR. Upon arriving at the inner surface, M is 
released through a chemical change in the carrier, R. 

This scheme of the formation and subsequent break- 
down of a complex is analogous to the accepted mech- 
anism of enzyme action, which assumes the formation 
of an intermediate labile complex, ES, of the substrate, 
S, with the enzyme, EZ. The kinetic treatment of 
enzymatic reactions based on this assumption** was 
shown to be applicable to ion transport. It was found 
that potassium and cesium interfere competitively 
with absorption of rubidium, indicating identical bind- 
ing sites on the carrier, R, for these three ions. 
Sodium (except at relatively high concentrations of 
rubidium or sodium) and lithium did not interfere 
competitively with absorption of rubidium, indicating 
different binding sites. 

The mechanism outlined in the earlier paper? and 
briefly indicated above has now been found to apply 
in the absorption of anions as well. The methods, in 
all essentials, were those already described!. Briefly, 
seeds of the Sacramento variety of barley were germ- 
inated in aerated water for 24 hr. in the dark, following 
a 20-min. treatment with 10 per cent hydrogen per- 
oxide to improve germination. The seedlings were 
grown for five days in the dark at 24° C., over a solu- 
tion of 10-* M calcium sulphate, which was renewed 
once during that time. The roots were then excised and 
used in the absorption experiments under the follow- 
ing conditions: roots, 1:00 gm. fresh weight per 
sample ; volume of solution, 50 ml.; temperature, 
30° C.; duration, 3 hr. The cation was potassium 
throughout. 

The ‘substrate ion’, the rate of absorption of which 
was being measured, was bromide tagged with 
bromine-82. Its concentration, S, was varied from 
2-5 to 25 m.equiv./litre, both in the presence and 
absence of chloride and nitrate as interfering ions. 
The rate, v, of absorption of bromide was expressed 
as m.equiv./3 hr. Upon plotting the reciprocal of 
the absorption rate, 1/v, against the reciprocal of 
the substrate concentration, 1/S, according to 
Lineweaver and Burk‘, straight lines are obtained 
(see diagram). When the interfering ion is chloride, 
the slopes of these lines are increased, with little or 
no change in the ordinate intercepts, indicating 
competitive interference, that is, identical binding 
sites. With nitrate as the interfering ion, all other 
conditions being identical, the line for nitrate 
= 10 m.equiv./l. is parallel to that obtained in 
the absence of interfering ions. This is character- 
istic of ‘un-competitive’ interference (cf. Wilson‘), 
which involves combination of the interfering ion 
with the carrier-ion complex, RA, at a site dif- 
ferent from that which binds the substrate ion, 
bromide. At the higher concentration of nitrate 
(25 m.equiv./l.) both slope and intercept increase, the 
slope by a smaller factor than the intercept. This 
case is intermediate between ‘un-competitive’ and 
‘non-competitive’ interference: the interfering ions 
combine with RA, and to a smaller extent with free 
R as well, at sites different from those with which the 
substrate combines. The ‘Michaelis constants’ Kgy, 
which denote the affinity of the bromide ion for the 
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binding site, were 11-00 and 14-22 m.equiv./l. in the 
experiments plotted in the graph. The constants, Kc, 
for chloride found were 12-57 and 13-42 m.equiv./I. 
at 10 and 25 m.equiv./l., respectively. Hence, the 
affinity of bromide and chloride ions for the binding- 
site of the halides is essentially the same. 

According to the theory of salt transport advanced 
by Lundegardh’, there is a fundamental difference in 
the mechanism of cation absorption and anion 
absorption : ‘An active accumulation of anions pro- 
duces potentials which attract cations’. The absorp- 
tion of anions, unlike that of cations, is a primary 
metabolic process mediated by a component of the 
respiration referred to as “‘anion respiration”. “The 
anion respiration thus acts as the promoter of salt 
accumulation even if the cations are more passively 
dragged through the protoplasm’’. 

Jt seems doubtful whether the present findings, 
together with the earlier ones' concerning the ab- 
sorption of alkali cations, can be reconciled with this 
dual view. The results imply that cations as well as 
anions are accumulated by a mechanism involving 
their temporary combination with binding com- 
pounds. Instead of following “general principles of 
exchange-power, well known from soil colloids’, the 
affinity of cations (as well as of anions) for the various 
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istics. It would seem, in fact, that all active trans- 
port of ions must needs implicate their combination 
with protoplasmic constituents, and that this forms 
the chemical basis for selectivity. 

This research was supported in part by the U.S, 
Atomic Energy Commission. 

EMANUEL Epstein 
Plant Industry Station, 
Department of Agriculture, 
Beltsville, Maryland. 
May 28. 
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Nature of Heinz Bodies 


A GREAT number of hemolytic agents have been 
found to produce, besides methewmoglobinzemia, 
certain highly refractive inclusion bodies, the so- 
called ‘Heinz bodies’, in the erythrocytes'. The 
connexion between methzemoglobin and Heinz bodies, 
however, is not clear. Most agents producing Heinz 


bodies belong to the group of aromatic amines and § 


include such important drugs as sulphonamides and 
thiosemicarbazones**. The reports on the formation 
and chemical nature of Heinz bodies are contra- 
dictory*. There are reports indicating that these 
bodies consist of iron-containing compounds*~’ 
Recently it has been stated that* Heinz bodies are 
identical with denatured globin, isolated by Warburg 
et al.® from blood in phenylhydrazine poisoning. ‘This 
conclusion has since been attributed erroneously* to 
Warburg et al. , 

Electron micrographs made of erythrocytes con- 


taining Heinz bodies, however, cast some doubt on | 
the latter interpretation. Thus, the inclusion bodies 


appear as unusually opaque structures (Fig. 1), similar 
to those shown by Jung’ earlier. The electron micro- 


graphs strongly suggest that the Heinz bodies contain ~ 


atoms heavier than those contained in globin. 
Therefore, a separation of Heinz bodies from the 
denatured globin was undertaken. 

Cats were given 30 mgm. aniline per kgm. body- 
weight in 0-9 per cent sodium chloride intravenously. 
The development of Heinz bodies within the erythro 
cytes was followed by the electron microscope in 
order to observe their first appearance. Blood smears 
were prepared on glass slides before injecting the 
aniline, and at intervals up to four days after the 
injection. The smear was covered with a ‘Formvar’ 
film and floated off on to water. After hemolysis, 
it was transferred on to the grids and examined in 
the electron microscope. 
remove the denatured globin from the corpuscles, 
since, according to Warburg, hemolysis frees d: 
natured globin from erythrocytes?. 

Shortly following the injection of aniline, one or 
two black, irregular bodies, about 0-1—0-2y in dia- 
meter, appear in approximately one-third of thx 
erythrocytes. The incidence of these bodies and their 
size apparently increase, so that after 24 hr. almost 
all the erythrocytes contain one, or occasionally two; 
large, black Heinz bodies. The bodies range in siz 
from 0-5 to 1yu and have a marginal position. 
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Fig. 1. 
Fig. 2. 


Electron micrograph of a hemolysed 





Fig. 3. 





For the isolation of the Heinz bodies, about 40-50 
ml. of blood were drawn from the heart of an animal 
anesthetized with nembutal, and heparinized. The 
chilled blood was centrifuged and the corpuscles were 
washed twice in 0-9 per cent sodium chloride and 
hemolysed with 20 volumes of distilled water. The in- 
soluble matter—-which includes the denatured globin 
at neutral pH® and which imparts marked turbidity to 
the suspension—was washed repeatedly with distilled 
water in the centrifuge until colourless. In the last 
washing, the sediment was stirred rapidly in a small 
amount of distilled water to destroy the membranes 
completely and then was centrifuged at 1,000 g for 
three minutes. At this point a greyish, very heavy 
precipitate sediments first. The heavy fraction was 
separated from the overlying bulk of the precipitate, 
and both were taken up in ten volumes of 0-1 N 
= hydrochloric acid. 

Most of the insoluble matter other than the rapidly 
sedimenting fraction went into solution in 0-1N 
hydrochloric acid, as does denatured globin®. This 
solution, separated from the insoluble material, gave 
a precipitate when neutralized. Neither the bulky 
Hfraction separated from the heavy fraction nor the 

















Yprecipitate formed efter neutralization of the acid 
Ysolution showed Heinz bodies when stained with 
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erythrocyte containing a Heinz body. 


Isolated Heinz bodies stained with gentian violet. 
Isolated Heinz bodies. 


Electron micrograph. 
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Light microscope. 
(x 6,700) 





gentian violet. Moreover, no structure was apparent 
in these preparations possessing such a high degree 
of opacity as the Heinz bodies in the electron micro- 
graphs. 

The heavy, grey precipitate remained insoluble in 
0-1 N hydrochloric acid. This precipitate was washed 
several times with the same acid and finally in distilled 
water. It showed innumerable bodies in the light 
microscope (Fig. 2), which stained characteristically 
with gentian violet ; and it revealed typical bodies in 
the electron microscope (Fig. 3), which were identical 
with the Heinz bodies observed within the erythro- 
cytes. The heavy, grey precipitate dissolves in 0-1 NV 
sodium hydroxide. The ultra-viclet absorption 
spectrum of this alkaline solution (Fig. 4) is not that 
of a pure protein such as globin. The absorption at 
280 muy is indicative of a small amount of protein 
which may be present as an integral part of the Heinz 
body or as a contaminant. Gross et al.5 previously 
found iron in a fraction identified as Heinz body 
material, and we have confirmed this, using 2,2’-di- 
pyridyl. Although some reservation exists because of 
the great sensitivity of the dipyridyl reaction, the 
presence of iron would account for the high opacity 
of Heinz bodies seen in the electron micrographs. 
Therefore it is concluded that the grey precipitate con- 
sists of Heinz bodies which are distinct and separable 
from the denatured globin. 

G. Rozsa* 
S. S. Spicer 
National Institute of Arthritis 
and Metabolic Diseases, 
National Institutes of Health, 
Public Health Service, 
Federal Security Agency, 
2ethesda, Maryland. 
Sept. 19. 

* Visiting Scientist of the National Institute of Arthritis and Meta- 
bolic Diseases. Present address : Department of Pathology, University 
of Virginia School of Medicine, Charlottesville, Virginia. 
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Rates of Combustion of Solid Fuel 
Particles 


DurRinG the combustion of liquid fuel drops, the 
chemical oxidation occurs in the vapour phase. The 
rate-controlling process is thus the transfer of the 
heat necessary for the evaporation of the drop!. 

In the case of solid fuel particles, the primary com- 
bustion occurs at the surface of the particles. If the 
surface temperature is high enough (experimental 
evidence published by Tu, Davis and Hottel? suggests 
a threshold temperature of about 850° C.), the rate 
of the gas-solid reaction is so high that the chemical 
resistance is negligible, and thus the rate-determining 
process is the rate at which oxygen is transferred 
through the gas film surrounding the particle. 

Methods of calculating this mass transfer-rate have 
been proposed by several authors, making use of the 
analogies between fluid friction, heat transfer and 
mass transfer?*. It should be emphasized here that 
in calculating the fluid friction it is only the skin 
friction component of the total drag that is of 
significance. Furthermore, in cases in which a 
laminar boundary layer exercises a controlling in- 
fluence, the simple turbulent flow forms of the 
analogies need modification by a function of the 
Prandtl number in the case of heat transfert and of 
the Schmidt number in the case of mass transfer’. 
In cases where the Prandtl and Schmidt numbers 
approach unity, as can occur in gas-phase systems, 
these modifications may, in fact, be numerically 
small. 

Some notes have been written recently by Edmond- 
son®, making particular reference to the equations 
based on Reynolds’s analogy proposed by Silver* for 
the combustion-rates of solid particles, and presenting 
an analysis in these terms of published experimental 
results. Some reference was made in Edmondson’s 
notes to the influence of laminar conditions, but the 
equations as applied were those based on the original 
form of Reynolds’s analogy appropriate to the 
turbulent flow range. 

However, rather than making use of the analogies 
between fluid friction, heat transfer and mass transfer, 
there is a more direct method of undertaking the 
calculation for the case of individual particles. There 
are already available several theoretical and experi- 
mental results on the transfer of mass to and from 
spherical surfaces. In particular, Frdéssling’ has 
presented a semi-empirical equation expressing the 
mass transfer as a function of the Reynolds number 
and the Schmidt number. The range of Reynolds 
numbers examined experimentally was from 2 
to 800. 

It is suggested in the present communication that 
Fréssling’s equation be used, with appropriate values 
of the physical constants, for calculating the transfer 
of oxygen to burning spherical solid surfaces and hence 
the burning-rates. 

For example, for carbon spheres in air, assuming 
that the main primary product of the heterogeneous 
reaction is carbon monoxide®®, it can be shown that 
the reaction-rate at a representative mean gas-film 
temperature of 1,200° C. may be expressed by the 
non-dimensional equation : 


F = 0-347 (1 + 0-272 Re*’?). 


In this equation, Re is the Reynolds number, and F, 
@ non-dimensional reaction-rate factor, is equal to 
Sd/eD, where S is the specific reaction-rate at the 
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surface of the sphere (gm. sec.-! cm.-*), d is ‘he 
diameter of the sphere (cm.), 9 is the density of the 
gas (gm. cm.~*), and D is the coefficient of diffus on 
of oxygen in the gas (em.* sec.-'). 

It may be noted that the value of the numer. :al 
factor 0-347 in the above expression for F is direc ily 
proportional to the partial pressure of oxygen in :he 
free gas stream. Over the range of at least 800°—1,410 
C. at any given Reynolds number, the influence of «he 
gas-film temperature on the numerical form of ‘he 
above non-dimensional equation for F is slight. 

Comparison of theoretical values of the rates of 
burning calculated in this manner with published 
experimental measurements on the rates of burning 
of carbon spheres*'* shows evident agreement. ‘This 
being so, the theoretical equation may be used to 


calculate in particular the effects of Reynolds number | 
and partial pressure of oxygen on the rates of | 


combustion. 

Acknowledgment is made to the Chief Scientist, 
Ministry of Supply, for permission to publish this 
communication. 

G. A. E. Gopsav: 


National Gas Turbine Establishment, 
Ministry of Supply. 
June 20. 
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Effect of Irradiation on the Intensity 
Distribution of the Second Positive 
Nitrogen Bands excited in a Nitrogen 
Ozonizer 


More exact measurements have now been made of 
the changes in the relative intensities of several bands 
of the second positive system of nitrogen, brought 
about by irradiation with the 3650-3660 A. group of 
mercury radiations, using an ozonizer discharge tube 
excited under conditions yielding the maximum nega- 
tive Joshi effect when the pressure of the gas is 20 mm. 
These confirm, in general, the results of preliminary 
investigations' and show further that the percentage 
decreases of intensity are in the following order of 
bands : 


In sequences: (1,4) > (0,3); (1,3) > (0,2) 
In progressions: (0,3) > (0,2) > (0,1) ; -(1,4) > (1,3). 


The results show that a change in the relative intensity 


distribution of the second positive bands of nitrogen — 
is thus brought about, not only in sequences but also” 


in progressions. 


A detailed study of the band systems and their] 


intensities developed in the ozonizer tube, excited as 


above, has revealed that the excitation of the nitrogen 7 
molecule is brought about not only by electron” 
collisions but also that collisions with particles of 7 
atomic or ionic masses play an important part*.— 
Since the variations in electron collisions are’ less 7 
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likely than those of atomic or ionic collisions to 
bring about an alteration in the relative intensity 
distribution of these bands*, the present results, in 
the case of sequences, show that the atomic or ionic 
collisions are affected by irradiation. Further evidence 
on this point is afforded by the observation in the 
present investigation that external irradiation alters 
the intensity distribution of the bands in a manner 
similar to the substitution of air for nitrogen as 
recorded in experiments‘ on low-pressure induction- 
coil discharges through nitrogen and air. 

The effect observed in the two progressions has 
to be attributed to an induced perturbation of the 
low v” levels brought about by irradiation. A some- 
what similar perturbation of these levels brought 
about by changes in discharge conditions has been 
observed in the first positive system of bands by 
Kaplan® and others’. 

Details are being submitted for publication else- 
where. 

R. K. Asunp1 
N. APPALANARASIMHAM 


Spectroscopy Laboratory, 
Benares Hindu University. 
June 14. 
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Hermann, 


Microwave Spectrum and Structure 
of lodosilane 


[t has come to our notice that independent studies 
of pure-rotation spectra of the symmetric-top mole- 
cule H,Sil have been made in our two laboratories. 
The J = 2-3 andJ = 3 — 4 transitions of H,*8Sil 
were observed at Schenectady with a Stark :nodula- 
tion microwave spectrograph, and the J = 3 — 4, 
J =4-—65andJ = 5 — 6 transitions were observed 
at Birmingham with a microwave spectrograph of 
the ‘video’ type operating between about 20,000 
Mc./see. and 40,000 Mc./sec. Good agreement exists 
between the results of the two investigations. The 
hyperfine structures of the spectra can be well fitted 
to patterns calculated for the nuclear quadrupole 
coupling of the iodine nucleus, second-order effects 
being allowed for'. For H,**Sil, B, is 3,215-6 Mc./sec., 
the corresponding moment of inertia, Iz, is 260-90 x 
10-*° gm.cem.*, and the nuclear quadrupole coupling 
factor, eqQ, for 1*7I is — 1,240 + 30 Mc./sec. 

lf we assume the Si—H distance to be 1-55 A., and 
the angle H—-Si—H to be 111°, which is a configura- 
tion for the SiH, group close to that found in 
H,SiCl * and H,SiBr*, the Si—I distance in iodo- 
silane is found to be 2-433 A. This result is not very 
sensitive to reasonable variations in the assumed para- 
meters ; for example, the calculated length of Si—I 
is increased by only 0-004 A. if the angle H—Si—H 
is increased by 2°, or if the Si—H bonds are shortened 
by 0-04 A. The Si—I distance found agrees with that 
reported‘ in Sil, by electron diffraction, which 
appears to be the only previously determined length 
for such a bond. The length found is slightly less 
than that predicted by the Schomaker—Stevenson 
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rule®. Iodosilane therefore falls into line with H,SiCl ? 
and H,SiBr?, in which Si—Cl obeys the rule and 
Si—Br is slightly shorter than predicted, whereas 
in the corresponding methyl halides the carbon- 
halogen bonds are longer than predicted by the rule’®. 
The nuclear quadrupole coupling of ?2"I in H,Sil is 
only about 64 per cent of that in methyl iodide, 
which also indicates that the Si—I and C-—I bonds 
here differ in ways similar to those in which the 
silicon—halogen bonds in H,SiCl and H,SiBr differ 
from the corresponding bonds in the methyl 
halides*», 

More detailed measurements on these spectra, as 
observed in the ‘video’ instrument, are in progress, 
and it is hoped that these will make possible the de- 
termination of distortion coefficients for this molecule, 
and perhaps somewhat more closely determined 
values of B, and eqQ. It is also expected that the 
spectra of H,**Sil, H,**Sil and deuterated iodo- 
silanes will be observed and make possible a fuller 
determination of the molecular structure. 

The work at the University of Birmingham is part 
of a programme of microwave spectroscopy in 
collaboration with the Physics Department of the 
Telecommunications Research Establishment, Mal- 
vern, and grateful acknowledgment is made to the 
Ministry of Supply for the loan of much of the 
equipment. 

A. H. SHARBAUGH 
Research Laboratory, 
General Electric Company, 
Schenectady, New York. 
G. A. HEATH 
L. F. THomas 
J. SHERIDAN 
Department of Chemistry, 
University, 
Birmingham 15. 
Oct. 18. 
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‘Giant’ Fibres in Dragonfly Nymphs 


A PRELIMINARY study of transverse and horizontal 
sections through the ventral nerve cord of late instar 
nymphs of Anax imperator (Anisoptera) has revealed 
several notable features. Accurate counts of the 
number of fibres within the commissures have shown 
that these range continuously from 0 to 16, as set 
out in the accompanying histogram (Fig. 1). The 
total number of fibres is approximately the same 
for the two commissures. Measurements of axon 
diameters show that some of the larger fibres (12-16 u) 
are comparable with the ‘giant’ fibres of the cock- 
roach! and locust*. As in the nerves to the stellate 
ganglia of Sepia*, these fibres form part of a con- 
tinuous size spectrum and do not appear to differ 
in nature from the smaller ones. The ‘giant’ fibres 
are almost certainly the same as fibres a, b and c 
described by Zawarzin‘ in his classical studies of 
Aeschna nymphs using a methylene blue technique. 
The ‘giant’ fibres pass through all the abdominal 
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Fig. 1. Anaz. Hist m to show sizes and frequencies of nerve 
fibres in the right and left commissures between the 3rd and 4th 


abdominal ganglia. The number of fibres is plotted on a logarith- 
mic seale 


ganglia and send off collaterals into the neuropile of 


each. Their course through the closely associated 
metathoracie and first abdominal ganglia to the 
other thoracic ganglia is more complicated, and has 
not been fully traced as yet. 

Histologically, the ‘giant’ fibres are of interest 
because they are surrounded by a definite sheath 
with well-defined nuclei (Fig. 2). Numerous sheath 
nuclei have also been observed in sections of the 
segmental nerves of Anax, Dytiscus and Periplaneta, 
so that it is probable that at least some insect peri- 
pheral nerve fibres are surrounded by such a sheath. 
In addition to these membranes, there is a distinct 
sheath (perilemma) enveloping the whole chain of 
ganglia in these insects (Fig. 2). This sheath is also 
visible in sections of locust ganglia? and it is probably 
common to all insects. Transverse sections of whole 
Periplaneta, Dytiscus and Calliphora have clearly 
shown that the perilemma extends over the peri- 
pheral nerves, the neural lamella staining bright blue 
with Mallory’s triple stain. This suggests that the 
striking tolerance of insect nervous systems to 
changes in the ionic content*-? of the surrounding 
fluid is partly due to a sheath surrounding the central 
nervous system in addition to the one which protects 
the peripheral nerves*. The properties of the sheaths 
around individual axons might similarly be important. 


Neural } = 
lamella lg 
Cellular | = 
layer JE 
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nuclei 





7 
Fig. 2. Anaz. Part of a transverse section through a commissure 
shortly after leaving the 3rd abdominal ganglion, showing peri- 
lemma and ‘giant’ fibres with their nucleated sheath. Fixation : 
0-2 per cent osmic acid in saturated picric acid. Stain: iron 
hematoxylin. Tracing from a photomicrograph 
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Electrical activity recorded from electrodes hooked 
under the abdominal nerve cord includes many 
different types of action potential, some of which aro 
larger than the others and are presumably from tho 
‘giant’ fibres. Mechanical stimulation of the abdomen 
or anal appendages is followed by bursis of activiiy 
in which the large spikes are prominent. Stimulation 


of the head, however, elicits a different pattern of 


discharge which does not include the large spikes. 

It seems probable that these ‘giant’ fibres are con- 
cerned in the neuromuscular mechanism involved in 
the rapid expulsion of water from the rectal chamber 
which brings about jet propulsion in Anisopterid 
nymphs. The muscles involved are the longitudina|, 
oblique and dorso-ventral abdominal muscles to- 
gether with the intrinsic musculature of the hind gut. 
Water is ejected at a considerable velocity and may 
reach a height of three feet in air. Simultaneously, 
with the synergic contraction of the abdomina! 
muscles, the legs are drawn into the side of the body 
and so the resistance to forward movement is le 
creased. Electrical stimulation (50/sec.) of the 
abdominal nerve cord in normal and decapita‘ed 
insects produces this characteristic movement of thx 
legs in addition to active contraction of the abdominal! 
musculature. 

No invariable way of evoking swimming has been 
discovered ; but a stream of water is usually expelled 
when attempts are made gently to grasp the abdomen. 
The insects must be freely suspended, as swimming 
is inhibited if the legs are holding pieces of weed, etc. 
On the other hand, nymphs seized by the head react 
in a different way.’ The abdomen is generally flexed 
laterally and the assailant attacked with the anal 
appendages, which form a spear-like weapon when 
closely apposed to one another. These two different 
responses of the whole animal invite comparison with 
the two types of electrical discharge recorded from 
the abdominal nerve cord. 

G. M. HuGues 

Department of Zoology, 

Cambridge. June 23. 
‘ Roeder, K. D., J. Exp. Zool., 108, 243 (1948). 
* Cook, P. M., Quart. J. Micro. Sci., 92, 297 (1951). 
* Young, J. Z., Proc. Roy. Soc., B, 121, 319 (1936). 
‘ Zawarzin, A., Z. wiss. Zool., 122, 323 (1924). 
* Roeder, K. D., J. Cell. Comp. Physiol., 31, 327 (1948). 
* Tobias, J. M., J. Cell. Comp. Physiol., 31, 125 (1948). 
? Hughes, G. M., unpublished observations on Dytiscus ganglia. 
* Hoyle, G., Nature, 169, 281 (1952). 


Endogenous Buds in Ophioglossum 
vulgatum L. 


Root buds are known in several species of 
Ophioglossum and are the common means of propaga- 
tion'-*. In an experimental investigation of bud 
formation in Ophioglossum vulgatum, root buds have 
been induced in both entire and decapitated isolated 
roots. While some buds may be formed from a seg- 
ment of the root apical meristem, as described by 
Rostowzew?, those which occur at random along the 
root develop from parenchyma cells of the middle 
cortex and are endogenous. Endogenous buds have 
also been induced in the pith parenchyma of shoots 
from which the apex had been excised (Figs. 1-3). 
In the formation of these endogenous root and shoot 
buds the following developments have been observed : 
the inception of a growth centre in a group of deeply 
seated parenchyma cells; the rapid division of one 
or more of these cells to form a spherical or ellipsoidal 
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m p m 
Fig. 1. Endogenous bud in the pith at the distal end of a de- 
capitated shoot. (Semi-diagrammatic, based on three superimposed 
camera-lucida drawings). m, Meristeles of parent shoot ; p, pith ; 
R, root of parent shoot; a, bud apex; 4, l,, leaf primordia ; 
r, bud root; s, sheath of first leaf, consisting of modified pith 
parenchyma. (x 40) 


meristematic cell mass (Fig. 2); the formation of an 
upwardly directed nascent shoot apex by the elonga- 
tion and longitudinal division of a group of cells 
within this mass (Fig. 3); the lysis and distension 
of the adjacent cells above, so that the upper surface 
of the nascent apical meristem becomes freely ex- 
posed to the small air space thus formed ; the early 
formation of a rapidly growing first leaf and first root 
(Fig. 1); @ concentric organization of the meristem- 





Fig. 2. 
decapitated shoot, showing a growth leading to the 


Longitudinal section of the pith in the distal region of a 


formation of an endogenous bud. In the centre of the mound-like 
upgrowth there is a densely staining ellipsoidal mass of meri- 
stematic cells within which the nascent shoot apex can be seen 
(see also Fig. 3). (x 80.) (Photo: Ernest Ashby) 
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atic and parenchyma cells surrounding the apex so 
that they constitute a protective sheath which 
resembles a normal stipular sheath; and the basi- 
petal development of an incipient vascular strand by 
the longitudinal division of the parenchyma cells 
situated below the bud (Fig. 1), phloem and xylem 
being eventually differentiated in this strand. Root 
buds are not formed by the transformation of in- 
cipient lateral roots—-these, in fact, do not occur in 
O. vulgatum—-and they bear no obligate relationship 
to the orientation of the root stele. The subsequent 
developments leading to the formation of a young 
plant, with a shoot-apex and several leaves and roots, 
are as in the normal development. 





Fig. 3. Part of Fig. 2, showing the nascent bud apex. Some of 

the meristematic cells have elongated and divided by longitudinal 

walls. The surrounding cells are being thrust outwards and are 

dividing by walls which are anticlinal to the new apex. (x 225.) 
(Photo: Ernest Ashby) 


These developments are very different to those 
observed in the embryogeny. In the young sporophyte 
the first distinguishable organs are the foot and the 
root, the latter being well developed before any 
apical bud can be discerned ; moreover, the first leaf is 
rudimentary whereas the second is said to take several 
years before it appears above ground. These differ- 
ences between bud formation on roots and shoots 
and the development of the sporophyte on the pro- 
thallus illustrate the importance of nutritional factors 
in morphogenesis. In the inception of buds a nascent 
shoot apex is the first organ to become apparent 
and, like other shoot apices, it functions as a self- 
determining, organizing region, its effects extending 
into the surrounding parenchymatous tissue within 
which the endogenous bud is enclosed. 

These observations will be described and discussed 
in greater detail elsewhere. 

C. W. WarDLAW 
Department of Cryptogamic Botany, 
University of Manchester. 
' Stenzel, K. G., Nova Acta Acad. Caes, Leopold, Car. Nat. Cur., 26, 
Pt. II, 769 (1857). 
2 Rostowzew, 8., L. Over. Kong. Danske Vidensk. Selsk., 54 (1891). 
* Goebel, K., Biol. Centralb., 22, 493 (1902). 
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Growth of Influenza Virus in the Chick 
Chorion 

Hoye! found that, following inoculation of 


influenza virus into the allantoic cavity of fertile hens’ 
eggs, complement-fixing ‘soluble’ antigen became 
detectable in suspensions of chorio-allantoic mem- 
branes before the virus itself. He suggested’? that 
the ‘soluble’ antigen was an intracellular form of the 
virus or a virus precursor. Henle and Henle* and 
Fulton‘, working on similar lines, concluded that 
‘soluble’ antigen and virus antigens appearod 
together; and Cairns’ has shown that Hoyle’s 
interpretation of his own results is not necessarily 
correct, since there are differences in the sensitivity 
of the experimental methods in this particular 
situation. 

One assumption underlying work of this type is 
that the cells of the chorio-allantoic membrane 
respond uniformly to infection by influenza viruses. 
A test of this assumption has been made by comparing 
the response to infection of the chorionic surface of 
the membrane with that of the allantoic. Fertile 
hens’ eggs (10-11 day) were inoculated on the 
chorionic surface of the ‘dropped’ membrane*, or 
intra-allantoically. The virus used was the PR8 
strain of influenza A; the inoculum was given in 
0-5-ml. amounts, diluted in 50 per cent broth-saline. 
At appropriate intervals after inoculation the allantoic 
fluids were harvested and the chorio-allantoic mem- 
branes removed and stored at — 70°C. until re- 
quired. Usually, six eggs were tested in each group ; 
all membranes were treated and tested individually. 
They were frozen rapidly and thawed slowly three 
times, spun lightly and the supernatant fluids (mem- 
brane suspension) removed. The allantoic fluids 
were titrated for hemagglutinin and the membrane 
suspensions titrated for infectivity in eggs, comple- 
ment-fixing ‘soluble’ antigen and hemagglutinin 
(following treatment with sufficient receptor- 
destroying enzyme’ to remove all inhibitor present). 
The variables in these experiments were the route 
of inoculation—chorionic or intra-allantoic—the size 
of inoculum and the time of incubation. 

Following intra-allantoic inoculation, hemagglut- 
inin appeared in the allantoic fluid in high titre, and 
membrane suspensions showed high titres of infective 
virus, ‘soluble’ antigen and hemagglutinin. The 
results with different sizes of inoculum and different 
times of incubation followed the pattern expected 
from the work of Henle and Henle* and von 
Magnus®. By contrast, the behaviour of eggs injected 
by the chorionic route was strikingly different. In 
general, no agglutinating virus was detected in 
the allantoic fluid, even following inoculation of 
108-10° ID,, of virus. This statement needs qualifica- 
tion, since in early experiments a proportion of eggs 
(14/44) showed high titres of agglutinin in the 
allantoic fluid. It was suspected that these anomalies 
may have resulted from minor injuries to the mem- 
brane during ‘dropping’, and in later experiments 
membranes were ‘dropped’ 24 hr. before chorionic 
inoculation of virus in order to allow for healing of 
small lesions. This change in technique was rewarded 
by a sharp drop in the number (7/104) of eggs show- 
ing agglutinin in the allantoic fluid. Since the latter 
behaved in all respects like eggs injected intra- 
allantoically, they will be excluded from the de- 
scription which follows. 

Membrane suspensions from eggs inoculated chor- 
ionically showed low infectivity titres following 
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injection of 100 ID,, of virus. The titres show: 
only a slight rise (10 to 100-fold) in infectivity ovr 
the amount of virus inoculated and were much 
lower (10-* to 10-5-fold) than those of membran.s 
from corresponding eggs inoculated intra-allanto, :- 
ally. Agglutinin and ‘soluble’ antigen were » i 
detected. With large inocula (approximately 10* IL), 
of virus) traces of agglutinin were detected, but on!y 
following treatment of the suspensions with recept«~ 
destroying enzyme. However, high titres of ‘solub)..’ 
antigen were found. The titre of ‘soluble’ antigyy 
in membrane suspensions was roughly proportion. 
to the amount of virus inoculated, although there w..s 
considerable variation in the titre of individual eg:s 
given the same inoculum. 

In those eggs in which it was measurable, agglutin 1 
was first detected four hours after chorionic inocu! 
tion of 108-10** ID,, of virus ; it was still detectab!e« 
up to 24 hr. but not at 48 or 72 hr. Complemen 
fixing antigen was first detected at 3 hr. in 6/12 egys 
after inoculation of the same amount of virus. This 
proportion is higher than that of allantoically inocw- 
lated eggs, where complement-fixing antigen was 
detected in only 1/12 eggs at 3 hr.; however, tho 
difference is barely significant (p < 0:10 > 0:05). In 
eggs inoculated by the chorionic route, the ‘soluble 
antigen titre rose to reach a maximum at 24 hr. ani 
had declined considerably by 72 hr. Since eggs in. 
jected by the chorionic route behaved in som: 
respects as if they supported only a single ‘cycle 
of virus multiplication, it was interesting to not 
that the decline in ‘soluble’ antigen titre could 
be prevented by repeated chorionic inoculations of 
virus. 

The possibility was considered that the different 
behaviour of chorionic and allantoic cells mighi 
depend on the different physiological conditions in 
the two layers. Experiments were therefore carried 
out with chorio-allantoic membrane in vitro, using 
the principles of a technique previously described® 
and now modified to allow infection of one layer at a 
time only. Infection of chorionic and allantoic layers 
separately was carried out with the BAR (A’) strain. 
16/18 pieces of membranes infected on the allantoic 
surface showed high-titred agglutinin in the super- 
natant fluid; only 1/18 pieces infected on the 
chorionic surface showed agglutinin, and on inspection 
an obvious tear was found in the single positive 
piece. These results support those obtained by 
egg techniques, and confirm the essential difference 
in response to infection of chorionic and allantoic 
cells. 

Atck Isaacs 
World Influenza Centre, 
National Institute for Medical Research, 
London, N.W.7. 


Forrest FuLton 
London School of Hygiene and Tropical Medicine, 
London, W.C.1. 
July 21. 


' Hoyle, L., Brit. J. Exp. Path., 29, 399 (1948). 

? Hoyle, L., J. Hyg., 48, 277 (1959). 

* Henle, W., and Henle, G., J. Exp. Med., 90, 23 (1949). 

‘ Fulton, F., Nature, 164, 189 (1949). 

* Cairns, H. J. F., Symposium on Virus Multiplication; Society of 
General Microbiology, Oxford (April 1952). 

* Beveridge, W. I. B., and Burnet, F. M., Med. Res. Council Spec. 
Rep. Ser. No. 256 (1946). 

7 Burnet, F. M., and Stone, J. D., Aust. J. Exp. Biol. Med. Sci., 25° 
227 (1947). 

S von Magnus, P., Acta Path. et Microbiol. Scand., 28, 250 (1951). 

* Fulton, F., and Armitage, P., J. Hyg., 49, 247 (1951). 
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FORTHCOMING EVENTS 


Meetings marked with an asterisk * are open to the public) 


No 


Monday, January 12 


British SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
SclE\CE GROUP (in the Joint Staff Common Room, University College, 
Gower Street, London, W.C.1), at 5.30 p. 1.—Prof. R. J. Pumphrey : 
“The Evolution of Thinking’’. 

MANCHESTER LITERARY AND PHILOSOPHICAL Society (in the 
Reynolds Hall, College of Technology, Manchester), at 5.30 p.m.— 
prof. F. E. Simon, F.R.S.: “The Absolute Zero of Temperature”’ 
(Wilde Memorial Lecture).* 

UNIVERSITY OF LONDON (at University College, W.C.1), at 5.30 p.m. 

-prof. J. Catahala (Toulouse): “‘Fundamental Concepts in Chemical 
Engineering’. (Further lectures on Jan. 14 and 16.)* 

UNIVERSITY OF LONDON (at King’s College, W.C.2), at 5.30 p.m.— 
Dr. R. Matalon: “Colloid Science and some of its Industrial Applica- 
tins’. (Further lectures on Jan. 22, Feb. 10, 24 and March 10.)* 

PHARMACEUTICAL SocreTy (at 17 Bloomsbury Square, London, 
w.C.1), at 7.30 p.m.—Mr. D. Train: ‘‘Pharmaceutical Engineering 
Science’’. 

BRITISH PSYCHOLOGICAL Socrety, SOCIAL PSYCHOLOGY SECTION 
(in the Department of Psychology, University College, Gower Street, 
London, W.C.1), at 8.15 p.m.—Mr. B. M. Foss: “A New Sociometric 
Technique”; Dr. F. Kraupl Taylor: ‘‘Sociometric Dimensions’’. 

ROYAL GEOGRAPHICAL Socrery (at 1 Kensington Gore, London, 
§.W.7), at 8.15 p.m.—Dr. Anton Bruun: “Danish Deep Sea Ex- 
pedition, 1951-52". 


oe, 


Tuesday, January 13 


INSTITUTION OF CHEMICAL ENGINEERS (in the Great Hall, Caxton 
Hall, Caxton Street, London, 8.W.1), at 3 p.m.—Symposium on 
“Bursting Dises’’. 

UNIVERSITY OF LONDON (at the Royal Veterinary College and 
Hospital, Camden Town, London, N.W.1), at 4 p.m.—Prof. 8. A. 
Asdell (Cornell University): “Mammalian Reproduction’’.* (Further 
Lectures on January 14 and 15.) 

INSTITUTION OF THE RUBBER INDUSTRY (at the Royal Society of 
Tropical Medicine and Hygiene, Manson House, 26 Portland Place, 
London, W.1), at 5.30 p.m.—Lecture on “Calendering”’; at 7 p.m.— 
Dr. KR. G. James: “Some Aspects of Latex Thread Coagulation’”’ ; 
Dr. H. J. Stern: “Latex for Surface Coatings’’. 
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i (Sanderson-Wells Lecture).* 
4 


© Fuels”. 
) _ GEOLOGICAL SocreTY OF LONDON (at Burlington House, Piccadilly, 


UNIVERSITY OF LONDON (at the Senate House, Malet Street, Lon- 
don, W.C.1), at 5.30 p.m.—Sir James Scott Watson : ‘‘Soil and Food’”’ 


Wednesday, January 14 


SOCIETY FOR APPLIED BACTERIOLOGY (joint meeting with the 
MICROBIOLOGY GROUP of the SocrETY OF CHEMICAL INDUSTRY, at 
> at 10.15 a.m.—Scientific Papers ; 2.15 p.m.—Symposium on “‘Re- 
cent Advances in Microbiological Methods’’. 

ROYAL SANITARY INSTITUTE (at 90 Buckingham Palace Road, 
London, 8.W.1), at 2.30 p.m.—Diseussion on “Fluorides in Water 





+ Supplies’ (to be opened by Dr. Roy C. Hoather). 


RoyaL Socrety OF ARTS (at John Adam Street, Adelphi, I ondon, 
W.C.2), at 2.30 p.m.—Mr. W. E. P. Johnson: “‘Use and Abuse of 


London, W.1), at 5 p.m.—Scientific Papers. 

PHYSICAL Society, ACOUSTICS Group (in the Physics Department, 
Imperial College of Science and Technology, Imperial Institute Road, 
Iondon, 8.W.7), at 5.15 p.m.—Dr. K. Tamm and Dr. G. Kurtze: 
“Sound Absorption in Aqueous Solutions of Electrolytes—(a) Measur- 
ing Techniques, (6) Results and Explanation’’. 

INSTITUTE OF PETROLEUM (at Manson House, 26 Portland Place, 
London, W.1), at 5.30 p.m.—Mr. H. C. Rampton: “Methods of 
Hydrocarbon Type Analysis’’.* 

ROYAL StatTisticaL Society, Stcpy SEcTION (at the E.L.M.A. 
Theatre, 2 Savoy Hill, London, W.C.2), at 6 p.m.—Mr. D. L. Lam- 
berth: “Forms with Many Functions”. 


Thursday, January 15 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 1.15 p.m.—Mr. P. H. R. 
James: “Recent Experiments in the Psychology of Vision’’.* 

_ INSTITUTION OF MINING AND METALLURGY (at the Geological 
) Society of London, Burlington House, Piccadilly, London, W.1), at 


# 5 p.m.—Scientific Papers. 
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pec. 


~~ 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIAIS 
Group (at the Building Centre, Store Street, London, W.C.1), at 
6 p.m.—Mr. A. R. Smee and Mr. L. Mullins: “The Use of Rubber 
in Bituminous Road Surfaces’. 

_BRITISH INSTITUTE OF RADIOLOGY (at 32 Welbeck Street, London, 
W.1).—Discussion on “The Technical Problems affecting Radiology’’. 


Friday, January 16 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 5 p.m.—Mr. L. 8. le Page 
and Mr. A. L. P. Milright: “Radar and Ice”’. 

INSTITUTION OF MECHANICAL ENGINEERS (at Storey’s Gate, St. 
James's Park, London, 8.W.1), at 5.30 p.m.—Mr. H. N. Pemberton : 
Welding in Marine Engineering’ (Thomas Lowe Gray Lecture). 
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Friday, January 16—Saturday, January 17 

INSTITUTE OF PHYSICS, INDUSTRIAL RADIOLOGY GRovUP (joint 
meeting with the HOSPITAL PHYSICISTS’ ASSOCIATION, at the Royal 
Institution, 21 Albemarle Street, London, W.1).—Discussion on 
“Radiation Protection’’. 
Friday, January 16 

At 7 p.m.—‘‘Medical and Industrial Aspects’’. 
Saturday, January !7 

At 9.30 p.m.—‘‘Monitoring’’. 


Saturday, January |7 


BIOCHEMICAL SocrEety (in the Department of Physiology and Bio- 
chemistry, King’s College, Strand, London, W.C.2), at 10.30 a.m.— 
Scientific Papers. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

UNIVERSITY GRADUATE with first- or second-class honours in pure or 
applied science for the Department of Pedology, Soil Survey (Scotland) 
Section—The Secretary, Macaulay Institute for Soil Research, Craigie- 
buckler, Aberdeen (January 17). 

PHYSICIST at the Central Research Establishment, Worton Hall, 
Isleworth, to lead a small team engaged in research on the structure 
of solids and on the mechanism of brittle fracture and abrasive wear— 
The National Coal Board, Establishments (Personnel), Hobart House, 
Grosvenor Place, London, 8.W.1, endorsed TT/576 (January 19). 

KEEPER IN THE DEPARTMENT OF NATURAL HISTORY, City Museum 
and Art Gallery, Birmingham 3—The Director (January 26). 

LECTURER (honours graduate) IN INORGANIC AND PHYSICAL CHEM- 
ISTRY—The Principal, Heriot-Watt College, Edinburgh (January 26). 

CHEMIST AND BACTERIOLOGIST—The Clerk to the Bucks Water 
Board, 7 Temple Square, Aylesbury, Bucks (January 30). 

CHAIR OF FUEL TECHNOLOGY—The Registrar, The University, 
Sheffield (January 31). 

SENIOR RESEARCH OFFICER or RESEARCH OFFICER (with university 
degree with honours in agriculture or science and experience in 
research in plant nutrition) for investigations into plant nutrition 
and biological problems, with particular reference to the cultivation 
of fruit trees, including citrus, in the Murrumbidgee Irrigation Area 
(Ref. 3940), and a SENIOR RESEARCH OFFICER or KESEARCH OFFICER 
(Chemist) (with university honours degree in science or equivalent 
qualification) to conduct research into various chemical aspects of 
plant growth and soil problems on the Murrumbidgee Irrigation Area 
(Ref. 3941)—The Chief Scientific Liaison Officer, Australian Scientific 
Liaison Office, Africa House, Kingsway, London, W.C.2, quoting the 
appropriate Ref. No. (January 31). 

LECTURERS (2) IN BOTANY, and a LECTURER IN ORGANIC CHEMISTRY 
—The Secretary, Queen’s University, Belfast (February 25). 

SENIOR AND JUNIOR FELLOWSHIPS for fundamental research in 
aerodynamics or aeronautical structures—The Director, Royal Air- 
craft Establishment, Farnborough, Hants (March 1). 

BROODBANK FELLOWSHIP for research in biochemistry or biophysics, 
with special reference to the principles and practice of food preserva- 
tion—The Registrary and the University Registry, The Old Schools, 
Cambridge (March 31). 

WILL EDMONDS FELLOWSHIP for clinical research in hospitals in 
the Metropolitan area of London—The Assistant Secretary, Royal 
College of Physicians, Pall Mall East, London, 8.W.1 (March 31). 

CHEMIST Or CHEMICAL ENGINEER at Salwick, near Preston, to lead 
a team on pilot plant experimental work, and for interpreting funda- 
mental scientific information and providing design data—The Ministry 
of Supply, Division of Atomic Energy (Production), Risley, Warring- 
ton, Lancs, quoting 409. 

SENIOR CHEMIST (Senior Scientific Officer grade) for research lab- 
oratories at Salwick, near Preston—The Ministry of Supply, Division 
of Atomic Energy (Production), Risley, Warrington, Lancs, quoting 
400. 

EXPERIMENTAL OFFICER at Torry Research Station, Aberdeen, for 
research into the physics of fish preservation, involving investigations 
of properties of smoke, measurement of moisture, high vacuum tech- 
niques, colorimetry, and servo-control methods—The Ministry of 
Labour and National Service, Technical and Scientific Register (K), 
Almack House, 26 King Street, London, 8.W.1, quoting A.116/52A. 

SCIENTIFIC ASSISTANT (with a degree in agriculture or natural 
science, a knowledge of French and German, and the ability to write 
clear, concise abstracts in English) for examining and abstracting 
world scientific literature on grassland and field crop research—The 
Director, Commonwealth Bureau of Pastures and Field Crops, 
Aberystwyth. 

SCIENTIFIC OFFICER (with first- or second-class honours degree 
or equivalent in chemistry) with sound k. owledge of electrochemistry 
and electrodeposition of metals, at the Ministry of Supply Establish- 
ment, Aldermaston—The Ministry of Labour and National Service, 
Technical and Scientific Register (K), Almack House, 26 King Street, 
London, 8.W.1, quoting F.817/52A. 





REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Association of Universities of the British Commonwealth. United 
Kingdom Postgraduate Awards (Fellowships, Scholarships, Grants, 
ete.), 1952-53. Pp. 94. (London: Association of Universities of the 
British Commonwealth, 1952.) 

Annual Keport of the British Interplanetary Society. 


{1211 
Pp. 301-364. 
(London : British Interplanetary Society, 1952.) {1811 
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Question: a Journal. Edited by H. Westmann. Vol. 5, No. 1: 
Conflicts of Loyalties. By Prof. M. Polanyi, J. H. Oldhar Prof. W. R. 
Niblett, H. Westmann and Herbert Read. (Published for the Present 
Question Conference, Ltd.) Pp.112. (London: Hammond, Hammond 
and Co., Ltd., 1952.) 3s. 6d. 

Department of Scientific and Industrial Research. Report of the 
Hydraulics Research Board for the Years 1947-1951 with the Report 
of the Director of Hydraulics Research for the Years 1948-1951. 
Pp. iv+40+12 plates. (London: H.M. Stationery Office, 1952.) 
3s. net. {1811 

Department of Agriculture: Fisheries Branch. Report on the Sea 
and Inland Fisheries for the Year 1951, incorporating Statistics - 
the Capture of Salmon, Sea Trout ge els (Pr. 1344.) Pp. 47. 
(Dublin: Stationery Office, 1952.) 2s. éd. {1911 

British Hat and Allied Feltmakers , Association. Fifth 
Annual Report of the Director of Research for Year ending August 
1952. Pp. 20. (Manchester: British Hat and Allied Feltmakers 
Research Association, 1952.) (2011 

Department of Scientific and Industrial Research. Report of the 
Mechanical Engineering Research Board with the Report of the 
Director of Mechanical Engineering Research for the Year 1951. 
Pp. iv+38+4 plates. (London: H.M. Stationery Office, 1952.) 
2s. net. {2011 

Select List of Standard British Sc ‘ec and Technical Books. 
Edited by E. R. MeColvin. Compiled ae request of the British 
Council. Fourth edition revised and enlarged. Pp. 72. (London: 
Aslib, 1952.) 7s. 6d.; to members of Aslib, 6s. {2011 

Report from the Select Committee on Nationalised Industries 
together with the Proceedings of the Committee. Pp. xxiv. (London : 
H.M. Stationery Office, 1952.) 9d. net. {2411 

National Physical Laboratory. Notes on Applied Science, No. 2: 
The Industria] Application of Aerodynamic Techniques. ‘ 
(London: H.M. Stationery Office, 1952.) 3s. 6d. net. 

Angry Prayers: a Keport on the Convention of British Animal 
Protection Societies. Edited by Keidrych Rhys. Second edition. Pp. 
viii+64. (London: National Canine Defence League, 1952.) 28. 6d. 
net. [2611 

City of Leeds. Annual Report of the Sub-Libraries and Arts 
(Museums) Committee to the Council for the Year ended 31st March, 
1952. Pp. 10. (Leeds: City Library, 1952.) [2611 

Ultrasonic Examination of Axles of Railway Rolling Stock. By 
Dr. Erich Martin. (Keport No. 
the Verein Deutscher Eisenhiittenleute.) Translated. Pp. 24 
don: Solus-Schail, Ltd., 1952.) 


(Lon- 
{2611 


Other Countries 


New Zealand Department of Scientific and Industrial Research. 
Geophysical Memoir 1: Magnetic Resurvey of New Zealand at Epoch 
Ist July 1945. By H. F. Baird and A L. Cullington. Pp. 54. 
ington: Government Printer, 1952 

Cawthron Institute. Annual Report, 
N.Z.: Cawthron Institute, 1952.) 

United States Department of Commerce : 
Standards. > eW Mathematics Series 25: Tables of the Bessel 
Functions Y,(z), ¥;(z), Ke(z), Ki(z),.0 S2Sl. Pp.ix+60. (Wash- 
ington, D.C. Government Printing Office, 1952.) 40 cents. [1111 

Annals of the New York Academy of Sciences. Vol. 55, Article 2: 
The Chick Embryo in —— al Research. By David A. Karnofsky 
and 27 other authors. Pp. 37-344. 4 dollars. Vol. 55, Article 3: 
Shock Syndrome. By John ‘Scudder and 25 other authors. Pp. 
345-542. 3.75 dollars. (New York: New York Academy of Sciences, 
1952. {1111 

Government of India: Meteorological Department. Report on the 
Administration of the Meteorological Department of the Government 
of India in 1950-51. Pp.ii+46. (New Delhi: Meteorological Depart- 
ment, 1952.) [1211 

Proceedings of the Eighth Meeting of the Crops and Soils Wing 
of the Boar ‘of Agriculture and Animal Husbandry in India, held at 
Patiala from 28th to the 3lst March, 1950. Pp. iii+307. (Delhi: 
Manager of Publications, 1952.) 12 rupees; 19s. {1211 

Proceedings of the Eighth Meeting of the Animal Husbandry Wing 
of the Board of Agriculture and Animal Husbandry in India, Mysore, 
17th to 22nd February, 1949. Pp. xii+260. (Delhi: Manager of 
Publications, 1951.) 11.14 rupees; 18s. 6d. {1211 

Indian Forest Bulletin (New Series). No. 161 (Cellulose and Pape s 
Indigenous Cellulosic Kaw Materials for the Production of Pulp, 
Paper and Board, Part 11, Chemical Pulps from Andropogon contortus, 
Linn. (Kusal grass.) By R. V. Bhat and M. G. Karnik. Pp. ii+8. 
(Delhi: Manager of Publications, 1952.) 10 annas; 1s. {1311 
Indian Forest Records (New Series). Vol. 1, No. 1 (Composite 
Wood): Weathering a ae on some Synthetic Resin Bonded Air- 
craft Components. By D. Narayanamurti, Joseph George, N. Subra- 
manyan and N. R. Das. Pp. 8+10 plates. (Delhi: Manager of Publi- 
cations, 1952.) 12 annas; 1s. “8 {1311 

Indian Forest Leatiet. No. 130 (Silviculture): General Formulae 
for Measurement of Heights of Trees. By V.S. Krishnaswamy. Pp. 9. 
(Delhi: Manager of Publications, 1952.) 10 annas; 1s. {1311 
Le - Apparatus in the U.S.A. Technical Assistance Mission 

23. Report by a Group of European Experts. Pp. 224. (Paris : 
Saunnauithen for European Economic Co-operation; London: H.M. 
Stationery Office, 1952.) 20s. net. {1811 

Koninklijk Nederlands Meteorologisch Instituut. No. 102 (Medede- 
lingen en \erhandelingen. Serie A,57): Klimaat en Brouwgerstteelt 
in Nederland ; een Bijdrage tot de Oecologie van de Zomergerst. Door 
Dr. C. Kramer, Dr. J. J. ge en W. Wilten. Pp. 149. 2.25 f. No. 
106a: Upper Air Data, 34,1949. Pp. 90. 12f. No. 108: Seismic 
Records at De Bilt, 35, O47. PP vii+30. 1f. (’s-Gravenhage: 
Staatsdrukkerij- en Uitgeverijbeddrijf, 1951-1952.) {1811 
Commonwealth Scientific and Industrial Research Organization. 
Bulletin No. 269: A Comparative Study of Piswu, Vicia, Lathyrus 
and Lupinus Varieties grown in Buckingham Sand in the Coonalpyn 
Downs, South Australia. By D. 8. kiceman and J. K. Powrie. Pp. 
36+3 plates. (Melbourne: Commonwealth Scientific and Industrial 
Research Organization, 1952.) [1811 
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Publications de I’Institut National pour I'Btude hassuantign du 4 
Congo Belge. Hors Série, 1952. 436. (Bruxelles: Insti: 
National pour I’Ktude Agronomique du Congo Belge, 1952.) | 
rancs, 

Coryndon Memorial Museum. Occasional om. No. 3: 
African Gomphide, by Lieut.-Colonel F. C. Fraser, and tines New 
Species of Odonata, by E. C. G. Pinhey.. Pp. 16. (Nairobi: Coryndog 
Memorial Museum ; Cambridge: Deighton, Bell and Co., 19 52.) 
v8. 

Géteborgs Kungl. Vetenskaps- och Miners ag Senha, 
of the Swedish Deep-Sea Expedition, 1947-19 
Cores from the East Pacific. By Gustaf ye al —_ i. Pp. 227, 
75 kr. Vol. 5, Part 2: Description of the Sediment Cores. By Gustat 
Arrhenius. Appe ndix: Dese ription of Plates. Pp. 4+plates 2.6.1— 
2.62. (Géteborg : Flanders Boktryckeri A.B., 1952. [i9lt 

Unesco : International Bureau of Education. Publication No. 1305 
XVth Internationa! Conference on Public Education, convened by 
Unesco and the I.B.E., Geneva, 1952. Teaching of Natural Science iq 
Secondary Schools. Pp. 216. (Paris : Unesco ; Geneva : International 
Bureau of Education; London: H.M. Stationery Office, 

5 francs; 88. 6d. [ 

Scientific Council for Africa South of the Sahara. First Report, 
November 1950 to June 1952. Pp.48. (Kikuyu: Scientific Council for 
Africa South of the Sahara, 1952.) 28. 6d. {2 

Bulletin of the American Museum of Natural History. Vol. 96, 
Article 8: The Neotropical Genera Procornitermes and Corniterme 
(Isoptera, Termitide.) By Alfred E. Emerson. Pp. 
York : American Museum of Natural History, 1952.) 80 cents, [2011 

University of California Publications in Zoology. Vol. 52, No. 1, 
Distribution and Variation of the Brown Towhees. By John Davis. 
Pp. 120. 1.25 dollars. Vol. 52, No. 2: A Comparison of Variation, 
Be havi ior and Evolution in the Sea Bird Genera Uria and Cepphus. By 
Robert W. Storer. Pp. 121-222+2 plates. 1.25 dollars. (Berkeley 
and Los Angeles: University of California Press; London: Cam- 
bridge University Press, 1951-1952.) (2611 

Leport of the International Scientific Commission for the Investiga- 
tion of the Facts concerning Bacterial Warfare in Korea and China. 
P 2 665. (Prague: World Council of Peace, 1952.) (2611 

Colony and Protectorate of Kenya. Report of the Forest Depart- 
ment for the Years 1948, 1949, 1950. Pp. 62. (Nairobi: Government 
Printer, 1952.) 3s. 2611 

Transactions of the American Philosophical Society. New Series, 
Vol. 42, Part 3: Three Revolutionary Architects, Boullée, Ledoux 
and Lequeu. By Emil Kaufmann. Pp. 429-564. 
American Philosophical Society, 1952.) 2 dollars. 

Beach Erosion Board: Corps of Engineers, Technical Memoran- 
dum No. 28; Source of Beach Sand at Santa Barbara, California, as 
indicated by M ineral Grain Studies. By Parker D. Trask. 

(Ww ashington, D.C.: Government Printing Office, 1952.) 

Report on Federal Forest Administration in the Federation of 
Malaya for the Year 1951. By J. P. Edwards. Pp. 67+4 plates, 
(Kuala Lumpur : Government Printer, 1952.) 2dollars ; 48. 8d. [2611 

Bulletin of the American Museum of Natural History. Vol. 99: 
Article 9: A New Fossil Tortoise from Mona Island, West Indies, and 
a Tentative Arrangement of the Tortoises of the World. By Ernest 
Williams. Pp. 541-560 +plates 44-47. 50 cents. Vol. 99, Article 10; 
A Pseudosuchian Reptile from Arizona. By Edwin H. Colbert. Pp. 
561-592 +plates 48-49. 50 cents. (New York: American Museum of 
Natural History, 1952.) (2611 

American Journal of Science. Bowen Volume. (Geophysical 
Laboratory, Carnegie Institution of Washington, Publication No. 
1200.) Part 1. Pp. vili+318. Part 2. Pp. iv+319-627. (New 
Haven, Conn.: American Journal of Science, 1952.) [2611 

Skrifter udgivne af Kommissionen for Danmarks Fiskeri- og Havun- 
dersegelser. Nr. 14: Kommissionen for Danmarks Fiskeri- og 
Havundersegelser, 1902-1952. Af Erik M. Poulsen. Pp. 78. (Koben- 
hayn: C. A. Reitzels Forlag, 1952.) 6 kr. {2611 

Meddelelser fra Danmarks Fiskeri- og Havundersegelser. Ny Serie, 
Bind 1, Nr. 1: Undersegelse af Industrifisk-Fiskeriet i Danmark, 
Saerlig I, 1949-51. Af Aage J. C. Jensen. Pp. 81. 15 kr. Serie 
Plankton, Bind 5, Nr. 5: Investigations on the Phytoplankton in _ 
Southern North Sea in May ee By Jul. Grontved. Pp. 50+1 
plate. 10 kr. (Keobenhavn: A. Reitzels Forlag, 1952.) [2611 

State of California: De 1h nt of Fish and Game, Bureau of Game 
Conservation. Game Bulletin No. 6: A Survey of California Deer 
Herds ; their Ranges and Management Problems. By William M. 
Longhurst, A. Starker Leopold and Raymond D. Dasmann. Pp. 136. 
(San Francisco: Department of Fish and Game, 1952.) (2611 
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Michrome Brand Organic Laboratory Chemicals. 
Edward Gurr, Ltd., 1952.) 

Philips Industrial Cc a (PD.3444.) Pp. 32. 

Philips Electrical, Ltd., ) 

A Catalogue of W oka =~ ‘Zoology, Botany and Geology, including 
many Entoi mologic al Classics from the Library of the late J. H. Jur- 
riaanse, also a further selection of Books .. Pigeons. (No. 708.) 
Pp. 122. (London: Bernard Quaritch, Ltd., 19 

Industrial Plant in Glass. Pp. 4. (London : Guicknt and Quartz, 
Ltd., 1952.) 
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General Guide to Capacitors. (C/13.) Pp. 28. 
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Standard Specification 1597:1949. Pp. 8 (London: Standard 
Telephones and Cables, Ltd., 1952.) 

Philips Electronic Measuring Instruments for the Laboratory and 
Test Bench of the Radio and Television Engineer. Pp. 8. (PI. 3301.) 
Philips Variable Transformers. (Pl. 3409.) Pp.2. (London: Philips 
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(London : 


Parkinson and 











a 


